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compared  to  some  300  spectra  of  their  unweathered  sources  by  a computer  ratio  method 

The  investigation  showed  that  infrared  spectroscopy  coupled  with  computer  analysis 
is  a useful  technique  for  identifying  the  source  of  spilled  oil.  By  using  artificial 
•weathering  techniques,  the  correct  source  of  a spill  can  be  identified  by  infrared- 
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SUMMARY 


This  in vestioation  was  undertaken  to  evaluate  the 
aonlicabil ity  of  infrared  spectroscopy  to  identify  the  source 
of  oil  spills.  Tn  some  spill  cases,  many  suspects  may  be 
involved;  therefore,  one  of  the  major  goals  of  the  research 
was  to  develop  computer  methods  for  matching  spectra. 

Initially,  sufficiently  large  samples  of  all  types  of 
petroleum  including  lights  through  heavy  crudes,  all  grades 
of  fuel  oils  and  lubricating  oils  were  collected.  Soectra  of 
all  these  samples  were  measured  and  transmission  for  Id 
selected  bands  and  for  the  baseline  were  stored  in  computer 
files  to  form  a data  bank  for  unweathered  oils. 

Righty-five  different  oils  of  all  types  were 
"weathered"  for  two  weeks  in  at  least  two  of  four  possible 
weathering  grids.  Two  of  th°se  grids  were  located  at 
Narragansett  Bay;  one  in  the  Bav  and  one  on-shore,  100*  from 
the  Bay.  The  other  two  grids  were  located  at  our  laboratory; 
one  inside  and  the  other  on  the  roof  of  the  laboratory.  A 
number  of  repetitive  weathering  cycles  were  performed  at  each 
of  the  grids  in  order  to  determine  effects  of  weathering 
under  diffarent  conditions.  Tn  general,  we  found  that  the 
water  temperature  has  the  greatest  influence  upon  the 
spectra;  spectra  of  oils  weathered  at  low  he m pe ra t ures  change 
much  less  Mian  those  of  the  same  oils  weathered  at  warmer 
t.emperat  ures. 

Spect.  ra  1 data  on  approximately  POO  weathered  oil 
samples  were  also  digi«-i7ed  and  stored  in  computer  data  files 

ii 


to  form  a library  of  weathered  oils.  "he  weathered  oils  were 
then  compared  to  their  unweathered  source  oils  by  a ratio 
method  developed  previously. 

The  spectra  of  a number  of  oils  changed  considerably 
during  the  first  two  days  of  weathering  hut,  after  that  the 
changes  were  generally  very  small.  For  example,  the  spectrum 
of  an  oil  weathered  two  ^ays  would  not  compare  well  with  that 
of  its  unweathered  source;  however,  the  spectrum  of  an  oil 
weathered  one  week  compares  very  favorably  with  that  of  an 
oil  weathered  two  days.  Thus,  it  was  not  always  possible  to 
obtain  a good  match  of  the  spectrum  of  a weathered  oil  with 
that  of  its  unweathered  source  hut.  a good  match  would  be 
obtained  if  both  samples  had  been  weathered. 

Weathering  suspect,  source  oils  under  natural  conditions 
reauires  considerable  effort,  and  time.  Thus,  we  investigated 
methods  for  rapid  artificial  weathering.  "any  of  the  spectra 
of  naturally  weathered  oil  suggest  that  the  greatest  change 
during  the  first  two  days  of  weatherina  is  due  to  evaporation 
and  dissolution.  with  this  in  mind  we  designed  experiments 
to  test  methods  for  rapid  simulation  of  these  effects. 
Eventually,  we  found  that  an  unweathered  oil  could  be 
artificially  weathered  in  test  tubes.  A small  amount  of  oil 
was  shaken  with  wat-er  at  3S  C and,  after  removing  the  water, 
the  oil  was  evacuated  to  0.0b  Torr.  The  entire  procedure 
takes  less  than  ? hours  and  the  method  verv  effectively 
simulates  initial  changes  during  natural  weathering. 

In  addition  to  *he  vacuum  treatment,  we  completely 
explored  methods  for  measuring  spectra.  Cell  typ®s. 


necessary  resolution  and  instrument  sensitivity  were 


investigated.  Furthermore,  we  tested  the  feasibility  of 
measuring  infrared  spectra  of  petroleum  at  BO  K. 

After  the  experimental  details  for  weathering  oil, 
removing  water,  simulating  weathering  and  measuring  spectra 
were  completely  investigated,  we  used  the  data  on  unweathered 
and  weathered  petroleum  to  evaluate  computer  methods  for 
matching  spectra.  A probability  densitv  function  based  on 
the  ratio  method  was  developed  and  tested  on  the  weathered 
oils.  As  anticipated,  spectra  of  oils  artificially  weathered 
bv  the  vacuum  treatment.  had  a high  frequency  of  matching 
spectra  of  oils  weathered  for  a short  time  period. 

^inallv,  a pattern  recognition  technique  using 
correlation  coefficients  to  define  the  Kth  nearest  neighbor 
was  tested.  Twenty-one  oils  were  used  in  the  test,  and  the 
method  correctly  identified  17,  three  were  tied  for  correct 
identification,  and  one  was  incorrectly  idenfified. 

In  summary,  this  investigation  showed  that,  infiared 
spectroscopy  coupled  with  computer  analysis  is  a viable 
technique  for  identifyinq  the  source  of  soilled  oil.  By 
using  artificial  weatherinn  techniques,  th°  correct  source  of 
a spill  can  be  identified  by  infrared  with  a hiqh  probability 
when  samples  are  collected  within  one  week  of  th=>  original 
soi  1 1 . 
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I.  IHTROmjCTTO* 

Fach  year  an  estimated  S to  10  million  tons  of  oil  ar® 
discharged  into  the  oceans  of  the  world  (1)  . Fightv  percent 
of  this  spilled  oil  remains  in  the  environment,  directly 
poisoninq  marine  life  and  indirectly  threatening  the  rest  of 
the  plant  and  animal  environment  (2).  Crude  and  fuel  oil 
pollution  is  directly  responsible  for  death  to  marine 
organisms  throuqh  contact  poisoning,  asphyxiation,  and 
exposure  to  water  soluble  toxic  oil  fractions.  Pestruction 
of  the  younger  forms  of  marine  species  as  well  as  the  food  o* 
higher  species  is  also  the  result  of  oil  spills.  Public 
health  hazards  created  by  oil  pollution  were  realized  after 
such  disasters  as  the  wreck  of  the  "Torrey  Canyon"  and  the 
"tarn  pi co" , and  after  the  disasters  in  West  Falmouth, 
Massachusetts  and  in  Santa  Barbara,  California.  For  example, 
lobsters,  abalone,  sea  urchins,  starfish,  mussels,  and  clams 
were  almost  completely  destroyed  over  a wide  area  of  Baja, 
California  after  the  wreck  of  the  Tampico  in  1957. 

The  most  effective  way  to  *eal  with  spills  is  to 
prevent  them.  This  requires  development  of  better  handlinq 
and  loading  techniques.  ’’’irkpi:  accidents  involving 

grounding,  collisions,  and  structural  ^ailinos  are 
responsible  for  a large  number  of  spectacular  and  conspicuous 
oil  spills,  but  there  are  also  less  conspicuous  oil  spills 
which  result  from  vessel  deballasting  and  cleaning 
operations.  While  the  recent  use  of  settlinq  and  segregating 
techniques  by  tankers  has  reduced  this  source  of  spillage. 
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there  are  still  instances  where  a major  spill  is  caused  by 
improper  cleaning  operations.  Environmental  law  enforcement 
can  be  made  difficult  because  of  hit  and  run  accidents  which 
deposit  a "mystery"  oil  spill,  the  source  of  which  is  in 
question.  We  are,  th°refore,  presented  with  the  problem  of 
chemical  identification  of  the  source  of  the  spill. 

Environmentalists  have  developed,  refined,  and  applied 
numerous  source  identification  techniques  to  the  problem  of 
oil  spilled  in  waterways  and  on  beaches.  A number  of  reviews 
(3-11)  have  been  written  which  compare  and  evaluate  various 
techniques.  In  ehoosinq  a method  to  detect  oil  pollutants, 
certain  identification  criteria  must  be  met  and  specific 
problems  overcome.  For  instant;0,  if  all  that  is  required  is 
the  determination  of  the  Quantify  of  hydrocarbons  present  in 
a particular  area,  then  one  of  the  simple  extraction  methods 
followed  by  infrared  measurement  of  the  absorption  at  2*3 30 
cm-i  can  solve  the  problem. 

If,  however,  it  is  necessary  to  trace  a spill  back  to 
its  source,  t h°  greater  scope  of  the  problem  requires  a 
method  which  qives  an  unambiquous  identification  of  the  oil 
spilled.  It  must  allow  for  changes  in  the  sample  due  to 
weathering,  i.e.,  the  effects  of  sun,  water,  air, 
evaporation,  dissolution,  agitation,  and  biodeqradat ion  on 
the  oil's  components.  Th°  added  convenience  of  a method 
which  can  easily  identify  even  the  very  high  boiling 
rosiduums  is  very  desirable.  Portability,  low  cost,  and  ease 
o‘  operation  are  necessities  for  widespread  application. 
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Infrared  spectroscopy  fulfills  all  these  requirements. 

Various  approaches  to  the  use  of  infrared  spectroscopy 
in  oil  spill  source  identification  have  been  developed.  They 
are  classified  as  finoerprint  methods  because  they  measure 
and  code  absorption  patterns  of  each  oil  sample.  Since  no 
two  petroleum  products  produce  exactly  the  same  spectrum, 
these  coded  spectra  can  be  used  fo  identify  an  oil  "just  as  a 
person’s  fingerprint  can  be  used  to  positively  identify  that, 
person . 

Cole  (12)  describes  the  us"  of  infrared  spectroscopy  to 
identify  slop  oils  in  a petroleum  refinery.  By  settinq  ud  a 
reference  library  of  infrared  spectra  samples  obtained 
from  all  of  the  the  refinerv  streams,  h°  was  able  to  identify 
slop  oils  recovered  from  refinerv  sewer  systems  and  to 
establish  the  source  of  leaking  oils. 

Brown,  T.ynch  and  Ahmad-jian  (11  and  14)  developed  an 
infrared  fingerprinting  method  in  which  the  t transmission  of 
21  selected  bands  between  650  and  1200  cm- 1 are  read  into  a 
computer.  The  computer  then  calculates  absorbances  from 
these  transmittance  values  and  converts  them  into  pseudo 
absorpt ivit ies  by  dividing  by  either  the  exact  or  estimated 
sample  thickness.  A reference  library  of  known  petroleum 
samples  was  set  up  by  storing  these  band  absorotivities  for 
each  known  in  a computer  file. 

To  match  a spill  sample  to  the  correct  source  of  the 
spill  (the  "fingerprints"  of  which  have  been  previously 
stored  in  the  reference  computer  file),  the  < for  the 

1 


background  and  the  * transmittance  for  each  rtf  th3  21  bands 
of  the  snill  sann'.p  are  read  into  th°  computer,  which 
calculates  pseudo  absorrt  ivit  ies  for  th3  sDill  sample  in  th® 
sane  manner  as  described  for  the  knowns.  The  absorDti viti°s 
for  the  21  bands  of  the  spill  sample  ar3  ratio3!  with  the 
absorptivit ies  of  each  of  the  suspect  sources.  ey 
determining  the  suspect  oil  which,  wh°n  ratio3!  to  the 
spilled  oil,  yields  the  greatest  number  of  ratios  within  1 0* 
of  the  average,  the  correct  match  can  b?  made. 

Pilges  contain  uniaue  mixtures  of  marine  lube  and 
marine  Diesel  oil  with  water.  The  exposure  of  these  oils  to 
the  air  and  watar  in  the  bilges  weathers  the  oils  to  a 
certain  extent  before  they  are  pumoed  overboard.  The  Coast 
Guard  P f.  D Center  has  found  it  sufficiently  conclusive  to 
overlay  spectra  of  a bilge  oilspill  with  suspected  sources 
(various  bilge  oil  samples)  in  order  *o  obtain  a correct 
match  - even  when  the  suspect  vessels  were  fueled  at.  the  same 
depot  (If)  . 

Another  f ingerorinting  method  is  that  of  battson  (If). 
Using  40  different  crude  and  residual  oils,  digitized 
infrared  transmission  snectra  werp  obtained  and  r°ad  directly 
into  a computer,  where  th3v  were  -onverted  into  units 
proportional  to  absorbance  and  smoothed.  The  spectra  were 
then  visually  displayed,  and  eight  bands  war3  chosen  for  the 
fingerprint  evaluation.  "the  operator  select «>d  end  points  for 
integrating  each  band,  and  the  integration  was  then  lone  bv 
the  computer.  A baseline  correction  was  also  calculated  by 
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the  computer.  Finally,  the  computer  normalized  each  band  to 
the  band  at  1456  cm-*  in  order  to  eliminate  sample  thickness 
problems.  The  fingerprint  was  then  obtained  for  each  sample 
by  first  dividing  the  range  of  band  areas  of  each  of  the 
eight  selected  bands  observed  for  all  forty  samoles  into 
eight  equal  increments.  Each  of  these  increments  was  then 
assigned  an  integral  value  from  one  to  eight.  Each  spectrum 
was  "fingerprinted"  by  assigning  the  appropriate  integer  to 
each  of  the  eight  bands  giving  an  eight  character  string  for 
the  spectrum.  This  fingerprint  code,  in  essence,  describes 
the  intensities  of  each  of  the  eight  bands. 

Another  infrared  transmission  method  used  to  identify 
Detroleum  is  not  a "fingerprinting"  method  per  se,  but  is 
considered  a "ratio  method."  Kawahara  (17)  measured 
absorbances  of  bands  at  720,  810,  1375,  1600,  2825  and  3050 
cm-*  and  calculated  the  following  ratios  of  absorbances: 
720/1375,  3050/2850,  810/1375,  810/720,  1600/1375,  and 

1600/720.  These  six  ratios  were  used  to  classify  an  oil  as  a 
heavy  residual  fuel  oil  or  as  an  asphalt.  Spectra  of  eight 
asphalts  and  eight  No.  6 fuel  oils  were  measured,  and  a 
linear  relationship  was  obtained  by  plotting  the  810/1375  vs. 
n10/720  ratios.  Asphalts  were  confined  to  the  lower  portion 
of  the  plot,  whereas  heavy  residual  oils  were  spread  toward 
the  higher  portion.  Since  it  was  first  developed,  Kawahara 
and  co-workers  (18-20)  have  extended  the  method  to  other 
types  of  oils  and  made  several  modifications  in  the  general 
method . 
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In  the  present  study  we  have  investigated  the  effects 
of  weathering  and  new  techniques  for  rapid  weathering. 
Furthermore,  we  investigated  new  and  modified  methods  for 
sample  preparation,  spectral  measurement,  and  coaputer 
identification  procedures.  Although  this  research  was 
primarily  concerned  with  evaluating  infrared  spectroscopy  for 
oil  identification,  in  many  cases  the  results  of  weathering 
and  the  new  procedures  can  he  applied  to  other  instrumental 


TI.  OBJECTIVES 


The  purpose  of  this  research  was  three-fold: 

1.  To  determine  how  weathering  processes  affect  the  infrared 
spectroscopic  identification  of  oil  slicks. 

2.  To  develop  the  sampling,  sample  treatment  and  infrared 
spectroscopic  techniques  which  would  allow  for  routine 
spill  sample  analysis  by  technicians. 

3.  To  further  refine  the  computer  identification  system  and 
to  test  the  system  on  all  types  of  unweathered  and 
weathered  oils. 

These  goals  were  accomplished  throuyh  the  following 

tasks: 

1.  A large  number  of  different  oils  were  weathered  under 
natural  conditions  on  Narragansett  Bay  to  generate  a 
library  of  spectra  of  weathered  oils. 

2.  The  same  oils  weathered  in  Task  1 were  simultaneously 
weathered  on  the  roof  ot  our  laboratory.  These  oils  were 
then  compared  to  those  oils  weathered  naturally  on 
Narragansett  Bay  to  determine  if  artificial  roof 
weathering  is  an  accurate  simulation. 

3.  Oils  were  artificially  weathered  in  the  laboratory  using 
various  techniques  and  conditions.  These  oils  were  then 
compared  to  those  oils  weathered  naturally  on  Narraqansett 
Bay  to  determine  the  optimum  conditions  for  artificially 
weathering  petroleum. 

4.  Actual  oil  spills  from  the  °asi  and  West  coasts  were 
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sampled  and  analyzed  to  provide  a direct  comparison  to 
artificially  weathered  samples. 

5.  Computer  programs  and  techniques  werp  developed,  tested, 
and  used  to  trace  the  source  of  oil  slicks,  and  to 
establish  an  extensive  infrared  spectroscopic  and  physical 
informational  computer  library  on  over  1000  oil  samples. 

6.  Techniques  were  developed  to  sample  and  prepare  weathered 
and  unweathered  oils  for  analysis.  New  and  modified 
spectroscopic  methods  were  tested  on  petroleum. 
Furthermore,  most  commercially  available  infrared 
spectrophotometers  were  tested  to  determine 
instrumentation  resolution  (and  sensitivity)  requirements. 

7.  Results  were  reported  directly  to  th°  U.  S.  Coast  Guard 
personnel  through  quarterly  reports.  Also  a number  of 
papers  were  presented  at  national  meetings  and  published 
in  order  that  the  new  techniques  developed  by  this 
laboratory  could  be  quickly  implemented  in  the  field  (See 
Aop.  TV)  . 

Tasks  1-6  will  be  discussed  in  detail  in  the  followinq 

section. 


EXPERIMENTAL 


III-A.  Task  1 - Natural  Weatherinq  of  Oils  on  Narraqansptt 
Bay 

In  order  to  fully  evaluate  the  use  of  infrared 
spectroscopy  for  identifyinq  the  source  of  oil  slicks  it  was 
necessary  to  examine  a larqe  variety  of  different  oils. 
These  included  crude  oils  from  different  regions  of  the  world 
and  their  refined  products;  kerosenes.  No.  1,  2,  4,  S,  and  f 
fuels,  residuums,  and  lubricating  oils.  For  each  of  these 
specific  oil  types  there  are  also  many  different  qrades  and 
blends.  For  example,  each  type  of  lubricating  oil  is 

specifically  blended  for  a particular  application  and  climate 
and  is,  therefore,  unique.  The  refinery  processes  of 
distilling,  cracking,  and  blending  can  start  with  the  same 
crude  oil  and  yield  a dozen  different  No.  6 fuels.  An  oil 
tanker’s  new  cargo  is  often  mixpd  with  a previous  remaining 
cargo  giving  each  shipment  its  own  particular  characteristic 
fingerprint.  The  question  is  whether  oils  retain  these 
"fingerprints"  in  the  event  of  a spill  and,  if  so,  for  how 
long  can  they  be  used  to  identify  the  source  of  a spill? 

To  understand  weatherinq  and  its  effect  on  the 
"fingerprints"  of  petroleum  we  constructed  two  outdoor, 
natural  weatherinq  facilities  at  the  University  of  Rhode 
Island  Graduate  School  of  Oceanography  located  on 
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Narragansett  Pay 


TIT-\-1.  Bay  Weathering  Grid 

The  first  weathering  "grid"  (shown  in  Figure  1) 
consisted  of  a 4,x20'  floating  dock  to  which  10  floating, 
weathering  containers  were  attached.  The  dock  was  40'  from 
shore  in  12'  of  water  and  accessible  by  a ladder  from  a 
permanent  dock.  Ten  55  gallon  drums  comprised  the  weathering 
grid.  The  insides  of  the  drums  were  completely  fiberglassed 
to  prevent  corrosion  and  to  minimize  adhesion  of  the  oils  to 
the  sides.  The  exteriors  were  painted  with  marine 
anti-fouling  paint.  The  drums  were  floated  by  heavy  duty 
truck  inner  tubes  and  secured  to  the  dock  by  1/2”  chain. 

To  allow  for  the  exchange  of  sea  water,  four  8”  slits 
were  cut  in  the  bottom  of  each  drum  near  the  edges.  In 
addition,  a series  of  1"  circular  holes  were  cut  across  the 
bottom.  (after  the  oils  were  sampled  and  centrifuged  prior 
to  analysis,  ocean  debris  and  marine  organisms  were  evident 
at  the  bottom  of  the  centrifuge  tubes,  indicating  good  water 
circulation.)  Four  steel  eyelets  were  welded  to  the  top 
edges  of  each  drum  to  facilitate  handling  during  cleanup 
operations.  The  height  of  the  drums  above  the  water  surface 
was  kept  at  IS"  to  allow  maximum  sunlight  to  reach  the  oil 
floatinq  inside  the  drums.  This  low  drum  height  resulted  in 
the  loss  of  some  oils  due  to  splashing  during  rough  weather, 
but  we  felt  any  losses  were  outweighed  by  being  able  to  take 
advantage  of  direct  sunlight. 
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Figure  1.  Floating  weathering  grid  in  Narragansett  Bay 


Between  25  and  200  ml  of  oil  were  placed  in  each  drum 


for  a particular  weathering  experiment.  In  this  volume  range 
the  amount  of  oil  did  not  seem  to  affect  the  overall 
weathering  process,  since  after  24  to  44  hours  the  heavier 
oils  tended  to  form  into  clumps  similar  to  tar  balls, 
negating  any  effects  of  slick  thickness  whereas  the  lighter 
oils  were  constantly  being  mixed  and  splashed  by  waves  and 
wind  preventing  any  constant  slick  thickness.  (When  the 

drums  were  removed  for  cleaning  after  each  weathering 
experiment  the  entire  insides  of  the  drums  showed  traces  of 
oil.)  In  any  type  of  dynamic  situation  such  as  this,  it  is 
neither  possible  to  maintain  a constant  slick  thickness  nor 
is  it  desirable,  since  the  same  forces  of  agitation  inside 
the  drums  would  also  be  present  on  the  open  sea. 

Eight  drums  were  used  for  weathering  oils  and  a ninth 
drum  was  used  as  a contamination  control.  !)ne  clean  drum  was 
kept  available  at  all  times  in  the  event  that  an  actual  oil 
spill  occured  in  our  general  area.  Tn  such  a case,  we  would 
obtain  a sample  of  the  unweathered  oil  and  simultaneously 
weather  it  in  the  Bay  grid.  The  actual  spill  and  the  oil 


weathered 

in  the 

d rus 

were 

samDled  at 

the  same  time 

intervals. 

Since 

the 

water 

temDerature, 

air  temperature. 

wind  and 

weather 

would 

be 

very  simi  lar. 

this  provided  an 

ideal  test  for  the  weathering  grid. 

A total  of  V7  different  oils  (21  crudes  and  lb  fuels) 
were  weathered  at  this  grid.  some  oils  wer°  weathered  for  up 
to  two  months  and  others  were  wea^h^rod  reneat«dly  durina  two 
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week  weathering  cycles.  The  resultant  data  are  discussed  in 
Sec.  IV- B- 1 of  this  report.  All  weathered  oils  in  this  task 
and  Task  2 and  3 were  sampled  at  2,  7 and  14  days. 

Difficulties  using  this  weathering  grid  became  apparent 
during  the  fall  of  the  first  year.  Oil  samples  ware  being 
washed  out  . of  the  drums  within  one  week.  The  cause  of  the 
loss  was  due  to  a shift  in  wind  direction  from  the  southwest 
during  the  summer  to  the  northeast  during  the  fall.  The 
location  of  the  floating  dock  was  such  that  the  size  of  the 
waves  accompanying  southerly  winds  was  greatly  reduced  by  the 
permanent  dock  at  at  the  DPI  Graduate  School  of  Oceanography; 
however,  waves  accompanying  northerly  winds  reached  the 
floating  dock  and  weathering  drums  with  full  force.  The 
extent  of  the  wave  action  was  such  that  all  of  the  oils  were 
washed  out  from  the  drums. 

TTT-A-2.  Aquarium  Weathering  Grid 

A new  outdoor,  natural  weathering  grid  (Figure  2)  was 
then  constructed  on  land  100  feet  from  shore  using  the 
facilities  of  the  Oceanography  Aquarium.  This  grid  was 
comprised  of  ten  al 1- f i berglass  containers  ( IB" x 1fl"x IP")  with 
a flowthrough  water  circulation  svst.em.  Bach  container  was 
completely  isolated  from  the  others.  Sea  water  from  the  Bay 
was  pumped  through  each  container  at  the  rate  of  1/2 
gal/min..  Agitation  was  provided  by  the  water  circulation 
system  which  directed  *-he  flow  of  water  at  an  angle  across 
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Figure  2.  outdoor  weathering  facility  at  the 
University  of  Rhode  Island  Graduate 
School  of  Oceanography  on  Narragan- 
sett  Bay. 
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the  surface  and  also  by  Bay  winds  blowing  across  the 


containers.  The  water  level  was  adjustable,  but  was 
generally  maintained  3"  from  the  top  of  each  container.  An 
800  watt  thermostatically  controlled  submersible  heater  was 
used  to  maintain  higher  water  temperature  daring  cold 
weather.  The  effects  of  weathering  with  or  without  water 
circulation,  with  or  without  sunlight,  and  at  different  water 
temperatures  could  be  easily  determined  with  this  system.  In 
addition  to  the  greater  versatility  of  being  able  to  modify 
weathering  conditions,  the  time  and  manpower  involved  in 
maintaining  and  cleaning  this  new  weathering  grid  was 
considerably  less  than  that  for  the  Bay  grid. 

A crude  oil  and  a No.  6 fuel  oil  were  weathered 
simultaneously  in  this  new  on-shore  grid  and  in  the  floating 
weathering  grid.  Samples  were  collected  at  48  hours,  one 

week,  and  two  weeks  and  subsequent  infrared  analysis  showed 
that  the  oils  weathered  identically  in  both  weathering  grids. 

A total  of  39  different  oils  (8  crudes,  16  fuels  and  15 
lubes)  were  weathered  in  this  grid.  Several  repetitive 
weatherings  were  performed  on  the  same  crudes  and  fuels.  The 
weathering  results  are  discussed  in  Sec.  IV-B  of  this 
report . 
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III-B.  Task  7 - Weatherinq  of  Oils  on  Roof  of  Laboratory 

The  sane  oils  weathered  at  the  Narragansett  Bay  natural 
weathering  facilities  were  simultaneously  weathered  on  the 
roof  of  our  laboratory  (six  miles  west  of  the  Bay  site)  . The 
purpose  of  these  experiments  was  to  determine  if  the  Bay 
weathering  grid  was  necessary  for  accurately  weathering  oil. 

Ten  24x24x74"  fiherglassed  (over  plywood)  containers 
comprised  the  roof  weathering  grid.  Fresh  sea  water  was 
placed  in  each  container  at  the  start  of  every  new  weathering 
cycle.  For  obvious  reasons  there  was  no  feasible  method  to 
provide  for  water  circulation.  Agitation  was  first 
accomplished  by  placing  the  containers  on  a 4'xB*  platform 
suspended  irt  the  air  by  cables  attached  to  a steel  gantry. 
The  suspension  of  the  platform  was  such  that  it  moved  by  the 
force  of  the  wind  creating  small  waves  in  each  container. 
Later,  a more  forceful  agitation  system  was  employed  when  it 
was  determined  that  the  induced  wind  movement  did  not  provide 
the  necessary  mixing  of  the  oil  slicks  with  the  sea  water. 
The  paddle  system  described  under  Task  3 was  used  for 
agitation . 

Due  to  the  lack  of  circulating  water  and  ocean  breezes 
it  was  necessary  to  cool  the  containers  during  the  summer  and 
then  heat  them  during  the  winter  by  circulating  cold  or  hot 
tap  water  through  cooper  coils  placed  in  each  container. 
Unfortunately,  on  warm,  summer  days  we  were  unable  (even  with 
the  use  of  a refrigerated  cooling  system)  to  maintain  a roof 
water  temperature  similar  to  the  Bay  water  temperature.  Tn 
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fact,  the  water  temperature  would  increase  to  30  c during  the 
day  and  cool  to  20  C daring  the  night.  As  a result  of  the 
higher  water  temperatures,  the  oils  on  the  roof  weathered 
■uch  faster  than  those  on  the  nay. 

A total  of  43  different  oils  (21  crudes,  17  fuels  and 
15  lubes)  were  weathered  using  this  grid.  The  results  of 
this  weathering  are  discussed  in  Sec.  IT-B  of  this  report. 
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Task  3-  Laboratory  Weathering  of  Oils 


In  order  to  develop  an  efficient  oil  slick 
identification  procedure  it  is  desirable  to  weather  suspect 
oils  to  the  sane  extent  as  the  spilled  oil.  Since  nany 
laboratories  do  not  have  facilities  for  a natural  outdoor 
weathering  grid,  we  explored  the  feasibility  of  artificially 
weathering  oils  in  the  laboratory. 

Ten  all-fiberglass  containers  18x18x19"  were  used  for 
the  weathering  containers.  Since  the  laboratory  grid  was 
located  six  miles  fron  the  ocean,  we  could  not  use 
circulating  sea  water.  However,  the  100  gallons  of  sea  water 
used  in  these  experiments  were  replaced  at  the  beginning  of 
each  two  week  weathering  period. 

Agitation  was  provided  by  two  methods;  a mechanized 
paddle  system  and  compressed  air  bubbled  through  each 
container.  The  paddle  system  (Figure  1)  consisted  of 
5x7x.25"  fiberglassed  aluminum  paddles  connected  by 
mono-filament  line  to  the  rotating  arm  (40  rpm)  of  a gear 
reducer,  powered  by  a 1/3  hp  electrical  motor.  The  upward 
stroke  of  the  arm  pulled  the  paddles  up  and  an  attached 
weight  returned  the  paddles  to  their  original  positions 
creating  strong  wave  action  in  each  container.  Compressed 
air  for  the  second  agitation  system  was  supplied  by  a 
laboratory  air  let  at  a rate  of  1.5  1/min..  The  air  was 
filtered  through  a cotton  trap  before  use.  Water  temperature 
was  regulated  by  cooling  coils  in  each  tank  and  wind  was 
provided  by  a variable  speed,  electrical  fan  blowing  across 
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copper 

tubing 


Figure  3.  Schematic  of  in-laboratory  weathering  grid 


the  tops  of  the  container.  The  containers  were  isolated  from 
external  illuninat ion,  and  artificial  sunlight  was  provided 
by  four  timer  controlled  TJ.  V.  sunlamps  suspended  4 feet 
above  the  container.  Varving  illumination  tines  fron  0 hours 
to  constant  light  were  tested. 

The  sane  oils  weathered  under  natural  conditions  (Task 
1)  were  also  weathered  using  this  in-laboratory  grid  and  many 
of  the  oils  were  weathered  repeatedly  in  order  to  determine 
the  optimum  in-laboratorv  conditions  necessary  to  simulate 
the  Hay  weathering  results. 

A total  of  7fl  different  oils  (30  crudes,  33  fuels,  and 
15  lubes)  were  weathered  in  the  laboratory,  and  the  results 
are  discussed  in  Sec.  IV-H-2. 
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III-D.  Task  4 - Actual  Oil  Spills 


In  order  to  determine  the  effectiveness  of  our  nan  made 
weathering  grids  and  to  test  npwly  developed  spectroscopic 
and  computer  techniques,  we  analyzed  as  many  actual  spills  as 
possible. 

The  wost  comprehensive  test  involved  oil  samples  taken 
from  the  ruptured  tanks  of  the  flesseniaki  Bergan  and  oil 
slick  samples  collected  at  24  hours  and  six  days  after  the 
tanker  spilled  100,000  gallons  of  No.  fi  fuel  oil  into  New 
Haven  Harbor. 

The  oil  taken  directly  from  the  ship's  tanks  was 
weathered  in  the  Narragansett  Bay  grid,  in  the  Aquarium  grid, 
and  in  the  laboratory  weathering  grid  and  samples  were 
collected  at  24  hours,  48  hours,  1 week  and  2 weeks  for 
infrared  and  computer  analysis.  The  results  are  presented  in 
Sec.  IV-B-3. 

The  Aquarium  site  was  further  tested  by  weathering 
Santa  Barbara  natural  seen  oils.  Again  the  results  confirmed 
the  similarity  of  weathering  between  real  and  man  made 
slicks. 

Furthermore,  the  Coast  Guard  PSD  Center  at  Groton, 
Conn,  routinely  provided  real  world  spill  cases  to  test  the 
spectroscopic  and  computer  methods  which  were  being 
developed . 
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ril-R.  Task  5 - Development  of  Computer  Assisted 

Identification  of  Oil  from  Infra'red  Spectral 
Data 

The  primary  goal  of  this  task  was  to  develop  and  test 
computer  methods  for  identifying  the  source  of  spilled 
petroleum.  Due  to  the  large  number  of  samples  it  was 
necessary  to  develop  the  software  for  storage,  retrieval  and 
movement  (from  file  to  file,  etc.)  of  informational  and 
spectral  data.  The  program  listings  and  the  procedures  for 
using  the  programs  are  given  in  Appendix  III.  The  programs 
and  their  purpose  are  given  below. 

TII-E-1.  Informational  Data 

PROGP AN  IDENT  - for  storing  informational  data  on  unweathered 
and  weathered  oils. 

a.  Unweathered  oils 

i)  identification  number 

ii)  type  of  oil 

iii)  company  and  source  location 

iv)  month  and  year  received 

b.  Weathered  oils 

i)  identification  number  (which  includes  codes  for 
location  and  time  of  weathering) 

ii)  air  and  water  temperatures 

iii)  wind  velocity  and  cloud  cover 
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iv)  sampling  and  analysis  dates 
v)  conditions  for  laboratory  weathering 
(The  data  stored  by  this  program  and  identification  of  the 
codes  are  given  for  all  oils  in  Appendix  I) 

PROGRAM  INFO  - retrieves  and  displavs  any  or  all  of  the 
informational  data  entered  into  the  computer  files  through 
Drogram  IPENT.  It  has  the  following  printing  and  display 
options: 

a.  data  on  any  particular  unweathered  oil 

b.  data  on  weathered  samples  for  one  particular  oil 

c.  data  on  one  tvpe  of  oil 

d.  data  on  all  unweathered  oils 

e.  all  data  on  all  unweathered  and  weathered  oils. 


III-E-?.  Spectral  Pata 

PROGRAM  TOIL  - used  for  creating  data  files  of  spectral  data 
including  * transmission  data,  cell  type,  and  pathlength. 
Each  file  contains  a particular  type  of  oil  as  follows: 


FILE 

OIL 

1,  02 

crudes 

03 

kerosenes 

04 

No.  2 and 

4 

fuels 

06 

No.  *>  and 

6 

fuels 
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07 


residuums  and  special  oils 
lubes 


OB 

10  vacuumed  oils 

11,  12  weathered  crudes 

14  weathered  No.  2 and  4 fupls 

16  weathered  No.  5 and  6 fuels 

18  weathered  lubes. 

The  other  files  were  used  for  special  cases  such  as  actual 
spills,  repetitive  studies,  and  pre- treatment  studies. 

PSOGPAH  SEAPCH  - uses  the  ratio  method  to  compare  infrared 
spectral  data  of  one  sample  with  any  or  all  of  the  data  in 
any  one  of  the  files  created  by  program  TOIL.  Percent 
transmission  data  for  the  oil  can  be  entered  during  a run  or 
they  can  be  taken  from  any  one  of  the  files. 

This  program  was  modified  many  times  during  the 
contract  and  we  used  many  different  versions;  however,  in 
this  report  we  include  only  the  final  version.  This  version 
of  the  program  gives  the  number  of  ratios  within  specified 
limits  Details  of  the  methods  used  are  given  in  Sec.  IV-A 
and  IV-S-1. 

PPOGPAM  COCO  - used  for  determining  correlation  coefficients 
between  spectral  data  for  one  oil  and  those  for  all  oils 
stored  in  one  of  the  data  files.  The  method  and  results  are 
discussed  in  detail  in  Sec.  TV-B-2. 
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III-F  Task  f - Sampling  Techniques  and  Instrument-  Resolution 


III-F-1.  Sample  Treatment 
TII-F-1-a.  Removing  water  from  oil. 

Sampling  of  an  oil  spill  does  not  present  any  serious 
difficulties;  heavy  oils  ran  be  collected  with  a spatula  or 
by  simply  dipping  a bottle  into  the  water,  whereas  lighter 
oils  can  be  collected  by  withdrawing  the  top  layer  of  water 
(and  oil)  with  a large  hypodermic  syringe.  However,  there  is 
a problem  with  the  samples,  and  that  is  the  necessity  to 
remove  water  prior  to  analysis. 

Initially,  we  tried  dissolving  the  oil  in  CHCl  to 
reduce  the  viscosity,  centrifuging  the  sample  to  remove 
excess  water,  adding  anhydrous  HgSO  , and  centrifuging  to 
remove  the  remaining  water.  The  difficulty  with  this 
procedure  is  that  the  solvent  must  be  removed  prior  to 
measuring  spectra  and  this  is  almost  as  difficult  as  removing 
the  water.  We  found  it.  necessary  to  heat  thin  films  of  the 
samples  to  70  C in  order  to  remove  all  of  the  solvent; 
however,  at  this  temperature  many  of  the  components  of  the 
oil  were  also  removed  and  this  changed  the  fingerprint  of  the 
oil. 

Eventually,  we  (21)  found  that  the  best  method  for 

N 

removing  water  was  simply  to  centrifuge  (3700  rpm)  the  sample 
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at  35-40  C for  0.5  to  2 hrs.,  remove  the  excess  water,  add 
anhydrous  HgSO  and  centrifuge  again  at  35-40  C for  0.5  to  2 
hrs.  Por  light  oils  all  of  the  water  was  removed  by 
centrifuging  for  the  shorter  period  at  the  lower  temperature, 
whereas  heavier  oils  had  to  be  centrifuged  for  the  longer 
tine  period  at  the  higher  tenperatnre. 


TIl-F-1-b.  Techniques  for  Measuring  and  coding  Infrared 

Spectra  of  Onweathered  and  Weathered  Oil  Sasples 

i)  Types  of  Cells- 

To  neasure  the  infrared  spectra  of  unweathered  and 
weathered  petroleun  samples  we  explored  the  use  of  three 
types  of  cell  windows,  i.e.,  KBr,  NaCl  and  AgCl.  These  three 
were  chosen  because  they  are  the  least  expensive  of  the  types 
available  and  they  are  transparent  over  much  of  the  infrared 
region. 


OWWEATHERED  OILS.  These  oils  generally  contain  only  a very 
low  percentage  of  water,  if  any  measurable  quantity  is 


present.  We 

have 

experienced  only 

one  or 

two 

notable 

exceptions  to 

this 

after  measuring 

spectra 

of 

over  250 

unweathered  crudes  and  distillate  products.  The  absence  of 
water  allows  the  use  of  KBr  and  WaCl  cell  windows  as  well  as 
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AqCl.  The  choice  of  demountable  or  sealed,  fixed  pathlength 
cells  depends  on  the  viscosity  of  the  oil.  Both  KBr  and  NaCl 
cells  are  available  as  sealed  or  denonntable  cells,  but  AgCl 
is  available  only  as  single  windows  to  be  used  in  a 
deaountable  cell.  Host  crnies  ( 85<) , all  lighter 
distillates  and  between  50-7*5%  of  the  No.  4,  5,  and  6 fuels 
can  be  easily  injected  into  a sealed  cell.  Por  the  lore 
viscous  fuels  and  heavy  residuums,  a deaountable  cell  must  be 
used.  (It  should  be  noted  here  that  others  suggest  that  the 
use  of  a sealed  cell  with  the  heavy  cuts  of  oil  is  possible 
when  the  cell  and  oil  are  warned.  However,  since  heat  can 
both  weaken  KBr  and  NaCl  windows,  as  well  as  cause  changes  in 
the  relative  intensities  of  the  absorption  bands,  we  found  it 
better  to  use  deaountable  cells  with  these  oils.) 


WEATHEPFP  OILS.  As  an  oil  weathers  on  the  open  seas,  it 
becomes  emulsified  with  water,  the  degree  depending  upon 
length  of  weathering.  Hoisture  attacks  both  KBr  and  NaCl 
windows.  Therefore,  we  developed  a centrifuge  method  to 
remove  emulsified  water  from  oil  (Sec.  III-P-1-a).  If  water 
removal  is  complete,  KBr  or  NaCl  windows  can  be  used. 
However,  to  monitor  the  efficiency  of  water  removal  prior  to 
measuring  the  entire  infrared  spectrum,  AgCl  windows  are  used 
and  the  3400-3600  cra-»  region  is  rapidly  scanned.  Also,  for 
heavily  weathered  samples  water  cannot  be  completely  removed 
since  the  water  seems  to  be  electrostatically  bound  by  highly 
oxidized  sites  in  the  oil  itself.  If  this  is  the  case,  again 
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AgCl  windows  must  be  used. 

ii)  Advantages  and  Disadvantages  of  cell  Types 

NaCl 

1.  inexpensive 

2.  relatively  easy  to  maintain 

3.  hygroscopic 

4.  starts  to  absorb  below  800  cm-1 

KBr 

1.  inexpensive 

2.  does  not  absorb  in  fingerprint  region 

3.  more  hygroscopic  than  NaCl 

4.  more  difficult  to  maintain 

AgCl 

1.  water  insoluble 

2.  does  not  absorb  in  finqerprint  region 

3.  scratches  easily 

4.  more  difficult  to  maintain 

5.  light  sensitive 

6.  not  available  as  sealed  cell 

iii)  Cell  Pathlength 

After  measuring  over  1000  snectra  of  unweathered  and 
weathered  oils,  we  have  found  that  a pathlength  at  or  between 
0.050mm  and  0.075mra  gives  the  most  accurate  infrared  spectra. 
At  these  pathlengths  the  strong  hands  in  the  fingerprint 
region  will  have  a X transmission  >20*  and  yet  the  weaker 
bands  will  still  be  detected. 

iv)  conditions  for  Measuring  Spectra 
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After  chosing  the  appropriate  cell  window  material,  and 
spacer  thickness,  the  cell  (demountable  or  sealed)  is 
prepared  in  the  standard  manner.  The  infrared  spectrum  of 
the  oil  sample  is  then  measured  between  4000  and  625  cm-*. 
All  spectra  were  normally  measured  in  our  lab  on  a 
Perkin-Elmer  Model  521  infrared  spectrometer  usinq 
instrumental  settings  specified  by  the  manufacturer  for 
service  type  spectra.  The  spectra  were  calibrated  with 
polystyrene, 
v)  Coding  Spectra 

Originally,  in  coding  the  spectrum  between  1200  and  650 
cm-*,  the  transmitt.ances  of  21  frequencies  were  manually 
recorded  (i.e.,  695,  720,  725,  740,  765,  770,  780,  790,  805, 
810,  820,  835,  845,  870,  890,  915,  955,  1020,  1070,  1145, 

1160  cm-1).  These  bands  were  chosen  after  many  spectra  of  a 

variety  of  oils  had  been  measured,  since  they  had  the 
areatest  frequency  of  occurrence.  However,  after  weathering 
these  same  oils,  it.  was  found  that  three  bands  (770,  «05  and 
820  cm-1  which  were  very  close  to  adjacent  bands  (765  and 
810),  disappeared,  leading  to  inconsistencies  in  coding. 
Therefore,  because  of  their  close  proximity  to  adjacent  bands 
and  their  disappearance  upon  weathering,  they  were  dropped  in 
the  analysis.  Presently,  the  765  cm-1  band  is  taken  as  the 
first  maximum  or  shoulder  after  the  band  at  740  cm-*  and  the 
810  cm-1  value  is  assiqned  to  the  stronq«»st  maximum  between 
805  cm-*  and  815  cm-*  . 

Once  the  18  transmittances  are  coded,  they  are  stored 
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in  computer  files  as  described  in  Sec  III-B-2  and  Appendix 
III. 


III-P-1-c.  Low  Tenperature  Spectra 

For  measurements  of  infrared  spectra  at  80  B,  a typical 
low  tenperature  infrared  cell  was  used.  A schematic  of  the 
cell  in  which  Csl  substrate  and  outer  windows  were  used  is 
shown  in  Figure  4.  To  place  a sample  of  oil  in  the  cell  one 
outer  window  was  removed,  the  cell  held  in  a horizontal 
position,  and  oil  deposited  on  the  Csl  substrate 
(alternatively,  the  oil  can  be  deposited  on  the  substrate 
through  a qround  glass  joint  on  the  side  of  the  cell).  After 
depositing  the  sample,  cold  gaseous  N is  passed  into  the 
inner  chamber  to  cool  the  substrate  and  sample;  the  outer 
chamber  is  flushed  with  dry  N gas  to  eliminate  condensation 
of  water.  After  the  sample  solidifies,  the  outer  window  is 
replaced,  the  outer  chamber  evacuated  to  10-3  torr,  the  cell 
turned  upright  and  the  inner  chamber  filled  with  liquid  N . 
Time  required  to  prepare  the  sample  cell  and  measure  the 
spectrum  at  80  K is  approximately  48  min.  Preparation  of  the 
sample  and  measurement  of  the  spectrum  at  room  temperature 
requires  25-10  min. 

Spectra  were  also  measured  at  20  K usinq  a Cryotip  cell 
(Air  Products,  Tnc.).  The  sample  deposition  procedure  was 
similar  to  that  used  for  the  80  F measurements.  However, 
because  of  the  long  "turn-around"  time,  only  one  spectrum 
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Figure  4.  Typical  infrared  cell  for  measuring  spectra  at  liquid 
N2  temperature 


we  re 


could  be  measured  oer  day.  The  20  K experiments 
performed  only  to  show  the  difference  between  90  and  20  K. 

IIT-F-1-d.  Vacuum  Treatment  of  Samples 

As  will  be  described  in  Sec.  TV-C-2,  the  greatest 
change  in  an  oil's  infrared  fingerprint  occurs  within  the 
first  UR  hrs  that  the  oil  is  exposed  to  the  environment,  and 
this  change  is  largely  the  result  of  evaporation  and 
dissolution.  Therefore,  treatment  of  unweathered  oils  with 
water  and  vacuum  should  cause  the  same  changes  as  natural 
weathering. 

A vacuum  system  for  this  portion  of  the  study  consisted 
of  a series  of  10  cm  Pyrex  test  tubes  (1.5  cm  T.D.)  connected 
in  parallel  bv  Tygon  tuhing  to  a vacuum  pump  with  a liuuid 
nitrogen  cold  trap  inserted  between  the  tubes  and  th°  pump. 
With  this  system,  a vacuum  of  5 x 10-*  torr  was  achieved  for 
all  evacuated  samples.  To  evacuate  the  oils,  samples  were 
smeared  on  AgCl  windows  and  these  windows  were  then  inserted 
into  the  Pyrex  test  tubes. 

For  those  samples  undergoing  dissolution  tests  in 
addition  to  evacuation,  aoproximately  2 ml  of  the  oil  was 
aided  to  a test  tube  containing  approximately  25  ml  of  warm 
(15-40  C)  spa  water.  These  test  tubes  were  shaken  3 or  4 
times  over  a period  of  1.5  hours  to  allow  for  sufficient 
mixing  of  the  oil  and  water.  Water  was  then  removed  from  the 
oil  by  the  procedure  in  Sec.  TII-F-1-a,  and  the  samples  were 
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subjected  to  the  vacua*  treatment  described  above. 

To  keep  saaples  war*  during  evacuation,  each  test  tube 
containing  a kgCl  window  was  inserted  into  a hot  water  bath 
whose  temperature  was  maintained  at  35-40  C.  The  sample  was 
pre-war»ed  in  this  way  for  15  minutes  prior  to  evacuation  and 
then  for  the  duration  of  the  evacuation. 


III-F-2.  Instrument  Resolution  and  Sensitivity 

During  the  course  of  this  study  we  measured  spectra  of 
the  three  k.P.I.  standard  oils  on  all  possible  commercial 
instruments.  The  spectrum  of  each  oil  was  measured  on  all 
instruments  in  the  same  0.05  mm  KB r cell.  Horeover,  spectra 
were  measured  on  each  instrument  at  standard  instrument 
conditions  (i.e. , those  conditions  specified  by  the 
manufacturers  for  "service  type  spectra") . 

Tn  addition  to  intra-instrument  comparisons,  we 
performed  a study  to  determine  the  necessary  resolution 
needed  to  identify  an  oil.  This  study  was  a joint  effort 
with  Beckman  Instrument  Co.  (Pullerton,  Calif.),  and  was 
performed  on  a Beckmann  Bodel  4240.  Spectra  of  12  weathered 
and  unweathered  oils  were  measured  from  2000  to  600  cm-1,  and 
the  digital  intensities  at  each  wavenumber  were  stored  on 
Daper  tape.  These  data  were  processed  using  the  "ratio 
method,"  and  the  following  wavenumber  increments  were 
compared: 

i)  the  18  frequencies  normally  used 
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ii)  evpry  cm-* 

iii)  every  10th  cm-* 

iv)  every  20th  cm-* 

v)  every  30th  cm-* 

The  results  are  presented  in  Sec. 


TV-C-  1-b. 


IV.  RESULTS  AMD  DISCUSSION 


The  results  and  discussion  of  various  phases  of  this 
investigation  have  been  written  in  manuscript  fora  and  are 
either  published  or  submitted  for  publication  (App.  TV).  In 
this  section  we  will  summarize  and  combine  the  results  froa 
the  individual  manuscripts,  and  discuss  those  results  which 
have  not  been  included  in  the  manuscripts. 

I V- A . Patio  Hethod 

Analysis  of  all  spectra  and  the  comparisons  used  to 
deteraine  optiaua  siaulated  weathering  conditions  were  aade 
using  the  ratio  aethod  (22)  or  appropriate  modifications  of 
this  aethod.  The  original  aethod  is  outlined  in  Table  I. 
Briefly,  the  absomtivities  of  two  samples  are  calculated 
froa  % transaissions  of  the  bands;  these  are  ratioed  for  each 
band,  averaged  over  all  bands,  each  ratio  divided  by  the 
average,  the  new  average  (1.0)  is  subtracted  froa  each  of  the 
aodified  ratios  and  the  number  of  ratios  within  5,  10,  25, 
and  50*  of  this  average  are  listed  by  the  computer. 

The  original  computer  aethod  was  written  for  the 
purpose  of  matching  the  spectrum  of  a weathered  oil  with  the 
correct  source  oil,  i.e.,  comparisons  were  always  aade  for 
weathered  with  unweathered  oils.  However,  in  the  present 
research  it  was  also  necessary  to  compare  unweathered  with 
weathered  oils  in  order  to  to  deteraine  the  effects  of 
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TABLE  I. 


Original  Computer  Searching  Method 


1)  Absorptivities  of  known  calculated 
and  stored  in  computer  file 

2)  Absorptivities  of  unknown 
calculated 


3)  Ratios  of  absorptivities  of  each 
known  to  unknown  calculated  at 
each  frequency 

1)  Average  ratio  for  each  known  to 
unknown  calculated 

5-a)  Ratios  divided  by  average  to  make 
average  1.0 


5-b)  Difference  between  ratios  and  1.0 
(the  average)  calculated 


at  _ Aib" 
“a^  A^b" 
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6)  Listing  of  the  number  of  bands  for 
each  known  with  a difference 
(ratios-average)  less  than  ±0.05, 
±0.10,  ±0.25,  and  ±0.  5 


Definition  of  Terms: 
a^  * absorptivity  of  ith  band 
A^^  » absorbance  of  1th  band 
b ■ pathlength  of  cell 
I0  * % transmission  of  background 
« % transmission  of  i^  band 
" * values  for  unknown  sample 
B ■ b"/b 

N ■ total  number  of  ratios 
1 N 

Z = Z £ (Ai/Ai") 

H i-1 


= BZ 
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weathering.  In  other  words,  in  addition  to  the  ratios,  we 
also  needed  the  reciprocal  ratios.  Using  the  original  Method 
the  average  ratio  is  made  to  be  1.0  (step  5-a)  and  we  list 
the  nmber  of  ratios  within  5,  10,  25,  and  50*  of  this 
average.  if  a particular  ratio  is  2.0,  its  reciprocal  would 
be  0.5.  The  first  ratio  would  be  outside  the  50*  limit, 
whereas  the  second  would  be  counted.  Ideally,  they  both 
should  or  should  not  be  counted,  i.e.,  the  difference  between 
either  ratio  and  the  average  should  be  the  same. 

We  solved  this  dilemma  very  simply  by  going  to  a log 
scale.  In  the  above  example  the  log  of  2 and  the  log  of  0.5 
are  the  sane  except  for  the  sign.  The  revised  method  is 
outlined  in  Table  II;  the  first  three  steps  are  the  same  as 
before,  in  step  3-b  the  log  of  the  ratio  is  calculated,  and 
rather  than  divide  by  the  average  we  subtract  the  average 
from  each  log-ratio  to  give  a new  average  of  0.0.  In  this 
revised  method  the  ratios  and  reciprocals  are  identical 
except  for  sign.  Furthermore,  the  pathlengths  of  both  cells 
are  still  eliminated  (step  5) . 

Another  addition  to  the  method  was  a plotting  routine. 
In  addition  to  listing  the  number  of  bands  within  5,  10, 
etc.,  we  also  can  plot  the  differences  to  give  a bar-graph  as 
shown  in  Figure  5.  In  this  way  we  can  plot  the  differences 
for  an  oil  weathered  for  various  lengths  of  time  compared  to 
the  unweathered  oil  to  determine  the  trends  in  weathering, 
(The  plotting  routine  is  not  included  with  the  computer 
programs,  since  the  plotting  "commands"  can  only  be  used  at 
the  University  of  Phode  Island's  Computer  Center.) 
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TABLE  II.  Revised  Computer  Searching  Method* 


1)  AbBorptiviti.es  of  known  calculated 

2)  Absorptivities  of  unknown  calcu- 
lated 

3 1-*)  Ratio  of  absorptivities  of  each 
known  to  unknown  calculated  at 
each  frequency 

3-b)  Log  of  each  ratio  calculated 

U)  Average  log- ratio  calculated 

5)  Average  log-ratio  substracted 
from  raw  ratios  to  make  average 
0.0 

6)  Listing  of  the  number  of  bands  for 
each  known  within  limits  of  ±0.025, 
±0.01*,  ±0.10  and  ±0.15. 
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•See  Table  I 


for  definition  of  terms 
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IV-B  Natural  and  Simulated  Weatherinq  (2?) 

IV-B-1.  Weathering  Grids 

As  discussed  in  Sec.  TII-A,  ITT-R  and  TIT-C  the 
following  four  weathering  qrids  were  used  in  this 
investigation: 

i)  Narraqansett  Bav 

ii)  On-shore* 

iii)  Laboratory 

iv)  Poof  top 

Initially,  we  used  grids  i,  iii,  and  iv;  thus,  we  will 
compare1  these  first.  Typical  spectra  of  three  different, 
types  of  oils  weathered  in  the  three  grids  are  compared  to 
the  original  unweath°red  oil  in  Pigures  8,  7,  and  8.  In  each 
figure  (a)  is  the  unweathered  oil,  (b)  the  oil  weathered  in 
grid  i,  (c)  weathered  in  grid  iv,  and  (d)  weathered  in  grid 
iii.  The  weat.her°d  samples  of  th®  crude  oil  were  all 
collected  after  two  weeks.  There  are  differences  between  the 
spectra  of  the  three  weathered  samples,  since  the  rate  of 
weathering  was  not  identical  in  the  three  systems. 
Generally,  th®  oils  in  the  roof  grid  weathered  faster  than 
those  in  the  Bay  grid,  whereas  those  in  the  laboratory  grid 
weathered  slower.  Using  the  computer  ratio  method  of 
comparison  we  found  that  ratioing  th®  spectrum  of  the  1 week 
Ray  sample  to  that  of  either  the  2 day  roof  sample  or  the  2 
week  laboratory  sample  produced  18/1&  ratios  within  10*  of 
the  average.  This  is  further  demonstrated  in  Pioure  7,  where 
the  spectrum  for  a 1 week  nay  sample  of  No.  6 fuel  is 
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TRANSMITTANCE 


Figure  6.  Infrared  spectra  of  a crude  oil:  (a)  unweathered;  (b) 

weathered  in  Bay  grid  for  2 weeks;  (c)  weathered  in  roof 
grid  for  2 weeks;  and  (d)  weathered  in  laboratory  grid 
for  2 weeks 
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FREQUENCY,  CM  1 


Figure  7.  Infrared  spectra  of  a No.  6 fuel  oil:  (a)  unweathered;  (b) 

weathered  in  Bay  grid  for  2 weeks;  (c)  weathered  in  roof  grid 
for  2 weeks;  and  (d)  weathered  in  laboratory  grid  for  2 weeks 
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Figure  8.  Infrared  spectra  of  a No.  2 fuel  oil:  (a)  unweathered;  (b) 

weathered  in  Bay  grid  for  2 days;  (c)  weathered  in  roof  grid 
for  2 days;  and  (d)  weathered  in  laboratory  for  2 days 
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indicated  above,  the  rate  of  change  is  difficult  to 


duplicate.  Temperature  control,  amounts  of  agitation  and 
illumination  are  critical  for  the  simulated  weathering.  Rue 
to  drastically  different  water  temperatures  between  night  and 
day  in  the  roof  weathering  containers,  we  replaced  this  grid 
with  the  on-shore  grid. 
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IV-B-2.  Comparison  of  Laboratory  with  Bay  Heatherinq 

Direct  comparisons  between  oils  weathered  in  grids  i or 
ii  were  made  with  the  same  oils  weathered  in  the  laboratory 
(grid  iii)  for  the  same  Deriod  of  time.  The  laboratory 
conditions  such  as  water  temperature  and  amounts  of 
artificial  light  and  wind  were  varied  to  try  to  match  natural 
conditions.  Typical  comparisons  for  selected  oils  are  shown 
in  figures  9-23  for  ten  crudes  and  five  No.  6 fuels.  At  each 
of  the  19  frequencies  used  in  this  investigation  we  made 
(when  possible)  six  comparisons;  three  for  the  lab 
(designated  v ) and  three  for  the  Dav  (designated  x) . The 
first  pair  of  comparisons  ( V*  x ) at  each  frequency  is  for 
the  2 day  weathered  sample  with  the  unweathered  oil,  the 
second  for  the  7 dav,  and  the  third  for  the  14  day. 

Points  below  0.0  on  the  plots  indicate  an  increase  in 
absorption  compared  to  the  unweathered  oil,  whereas  points 
above  0.0  indicate  a decrease  in  absorption.  Since  these 
differences  are  relative  to  the  average  of  0.0,  the  plotted 
values  are  relative  rather  than  absolute.  In  qeneral,  the 
absorption  of  bands  above  900  cm-1  increase  with  weathering, 
whereas  those  below  decrease.  moreover,  another  general 
trend  is  seen  in  all  of  the  plots  and  that  is  that  the 
largest  change  takes  plac°  during  the  first  two  days  of 
weathering;  after  that  the  changes  may  become  random. 

In  most  of  the  cases  shown  in  Figures  9-23  so»ctra  of 
the  Bay  samples  change  more  than  those  of  the  lab  samples, 
although  this  is  not  true  for  all  of  the  bands  in  all  of  the 
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comparisons.  Generally,  the  three  points  for  the  Ray  and  the 
three  for  the  lab  at  each  frequency  form  two  clusters.  In 
many  of  the  examples,  the  three  point  cluster  for  the  lab  and 
the  cluster  for  the  bay  are  very  close,  eg.,  152,  172,  and 


173.  When 

clusters 

for 

all  of  the 

bands 

are  close. 

this 

generall v 

i adica  tes 

that 

the  water 

temperature 

in 

the 

laboratorv 

containers 

was 

very  close  to 

that 

of  the 

Bay. 

In 

all  of  these  examples  we  tried  to  match  the  water 
temperatures  as  closely  as  possible;  however,  since  the  oil 
film  is  a strong  absorber  of  sunlight,  oils  weathered  outside 
probably  got  warmer  during  the  daytime. 

We  tried  to  match  the  illumination  with  sun-lamps,  but 
this  is  difficult  if  not  impossible.  We  varied  the  height  of 
the  sun  lamps  above  the  water  and  the  number  of  lamps  used. 
However,  we  found  that  the  most  important  influence  was  to 
illuminate  the  oils  intermittently,  i.e. , have  some 
illumination  each  day.  Therefore,  the  lights  were  controlled 
by  a timer  and  were  used  intermittently  R-12  hrs/day,  and  the 
best  comparisons  with  the  Bay  weathered  oils  were  obtained 
under  these  conditions. 

Spectra  of  oils  weathered  in  the  laboratory  are 
discussed  further  in  Sec.  IV-E-2,  where  their  use  in 
identification  is  described. 
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In  Figures  9^ 
are  compared 
pair  ( ^ and 
samples,  the 


- 23_  laboratory  (^)  and  Bay  (X)  or  Aquarium  (X) 
to  the  unweathered  oil.  In  each  figure  the  first 
X)  at  each  frequency  is  for  the  2 day  weathered 
second  for  the  7 day,  and  the  third  for  the  14  day. 
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152101  (X),  152103  (X),  152301  (V),  152302  (V),  and  152303  (V) 


162101  (X),  162102  (X),  162301  (V),  162302  (7),  and  162303  (V) 


Figure  12-b.  Continuation  of  Figure  12- 


178101  (X),  178102  (X),  178103  (X),  178301  (V),  178302  (V),  and  178303  (V) 


185101  (X),  185102  (X),  185103  (X),  185301  (V),  185302  (V),  and  185303  (7) 


f Figun 


1864 


605101  (X),  605102  (X),  605103  (X),  605311  (V),  605312  (V),  and  605313  (V) 


607 


Figure  20-b.  Cont 


Figure  21-a,  No.  6 fuel  610;  610101  (X),  610103  (X),  610301  (V),  610302  (V),  and  610303  (V) 


Bunker  C fuel  613:  613101  (X),  613102  (X),  613103  (X),  613301  (V),  613302  (V),  and  613303  (7) 


622:  622451  (X),  622452  (X),  622453  (X),  622381  (V),  622382  (V),  and  622383  (V) 
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IV-B-3.  Comparison  of  Grids  With  Actual  Weathering 

To  test  the  capability  of  the  weathering  grids  to 
simulate  actual  conditions  we  have  compared  spectra  of  oil 
samples  taken  from  an  actual  spill  with  those  of  the  same  oil 
weathered  in  our  grids.  On  October  10,  1974,  the  tanker, 
Hessiniaki  Bergan,  spilled  100,000  gallons  of  No.  6 fuel  oil 
into  New  Raven  Harbor.  We  obtained  a large  sample  from  the 
tanker  and  samples  from  the  spill  after  1 and  6 days.  The 
oil  from  the  tanker  was  weathered  in  the  grids  during  the 
same  time  in  order  to  match  conditions  as  closely  as 
possible. 

Infrared  spectra  of  the  unweathered  oil  and  oil  from 
the  spill  are  shown  in  Figure  24.  Fven  though  this  was  a 
heavy  oil  its  spectrum  did  change  upon  weathering;  thus,  it 
was  a good  test  for  the  weathering  grids. 

Spectra  of  the  New  Haven  spill  samples  are  compared  to 
the  original  oil  and  to  those  weathered  in  our  grids  in  Table 
III,  where  the  number  of  normalized  log-ratios  within  0.04 
(10%)  of  the  average  are  given.  It  is  seen  that  the  spectra 
of  the  spill  samples  did  change  from  the  original;  however, 
they  compared  extremely  well  with  the  spectra  of  the  samples 
weathered  in  our  grids  indicating  that  artificial  conditions 
give  a reasonable  simulation  of  an  actual  spill. 
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TABLE  III.  Comparison  of  Original  and  Weathered  Oils  from  New  Haven  Spill 
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T7-C.  New  Techniques 

IV-C-1.  Low  Temperature  Spectra  (21) 

As  can  be  seen  in  Pigure  25,  there  are  three  major 
differences  between  room  temperature  and  low  temperature 
(30  K)  infrared  spectra  of  oils  in  the  reqion  between  650  and 
1200  c»-i; 


1)  the  720  and  725  cm- * bands  appear  as  two  distinct 
absorptions,  increasing  in  intensity  compared  to  the 
bands  measured  at  room  temperature 

2)  the  740  cm- * band  decreases  in  intensity  at  80  K 

1)  the  890  cm-1  band  decreases  significantly  in 

intensity  compared  to  the  band  in  the  room 
temperature  spectra. 

Those  bands  at  720  and  725  cm-*  are  doe  to  the  in-phase  ?H 
rocking  mode  of  long  chain  n-paraffins.  The  increase  in 
intensities  and  sharpness  of  the  bands  is  most  probably  due 
to  alignment  of  the  n-paraffins  into  a crystalline  structure 
similar  to  polyethylene.  Instead  of  having  a distribution  of 
frequencies  we  observe  only  one  band,  which  is  split  into  two 
components  by  intermolecular  interactions. 

The  changes  in  low  temperature  spectra  cited  above  are 
common  to  all  of  the  oils  we  have  studied  thus  far.  Other 
changes  can  be  noted,  but  these  are  only  characteristic  for  a 
particular  oil.  A distinctly  different  "fingerprint”  is 
attributable  to  an  oil  whose  spectrum  is  measured  at  30  K; 
thus,  we  have  a means  of  double  identification  with  one 
spectroscopic  method. 
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Figure  25.  Room  temperature  and  low  temperature  (80°K)  infrared 
spectra  of  (a)  a No.  2 fuel  oil;  (b)  a crude  oil;  and 
(c)  a No.  6 fuel  oil 
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The  reproducibility  of  the  technique  was  tested  by 
depositing  the  same  oil  in  the  low  temperature  cell  seweral 
times  and  measurinq  its  spectrum  after  each  deposition.  Mo 
measurable  difference  was  noted  between  spectra  of  the  same 
sample  in  these  multiple  experiments. 

The  bands  at  720  and  725  cm-*  in  spectra  of  petroleum 
measured  at  80  K are  generally  the  sharpest  and  strongest 
bands  in  the  fingerprint  region.  Because  of  this,  we  were 
concerned  that  their  relative  intensities  may  not  be 
reDroducible.  To  test  this,  we  performed  several  experiments 
in  which  the  spectrum  of  the  same  oil  was  measured  repeatedly 
at  two  different  scan  times,  eg.,  the  spectrum  was  measured 
eight  times  at  alternate  scan  speeds  of  16-6  and  32-10  (the 
first  number  is  the  scan  speed  and  the  second  the  scan  speed 
suppression).  The  intensities  were  identical  in  all  spectra 
measured  at  32-10,  whereas  they  deviated  slightly  in  spectra 
measured  at  16-6.  The  intensities  of  the  720  and  725  cm-1 
bands  were  greater  in  the  spectra  measured  at  the  longer 
time.  He  explored  this  scan  time  dependence  on  another 
sample  by  measuring  spectra  at  many  different  scan  times  and 
found  that  the  intensities  of  the  720  and  725  cm-1  bands 
increased  with  increasing  scan  tine  (scan  times  from  16  to 
120  minutes  were  investigated).  He  concluded  from  this  study 
that  the  optimum  conditions  for  obtaining  reproducible  low 
temperature  spectra  are  scan  time  = 12  and  suppression  = 10. 

All  of  our  initial  low  temperature  spectra  were 


measured  at  16-6.  He  have  remeasured  suectra  of  the  sane 


samples  at  32-10  and  they  closely  duplicate  the  oriqinal 
results.  Applying  the  same  ratio  method  to  the  low 
temperature  spectra  as  we  have  to  the  room  temperature 
spectra,  we  have  matched  unknown  oils  with  the  correct  source 
oils  by  ratioing  absorptivities.  The  comparisons  were  made 
using  bands  at  the  same  frequencies  as  those  for  the  room 
temperature  spectra. 

This  low  temperature  infrared  analysis  was  applied  to 
the  New  Haven  spill  case  that  occurred  during  Oct.,  1974.  In 
this  instance  the  source  of  the  No.  6 fuel  oil  spilled  was 
obvious.  flany  times,  however,  this  is  not  the  case  in  a 
spill  situation.  Therefore,  to  provide  for  a more  rigorous 
test  of  the  method,  a group  of  "suspect"  sources  was 
constructed.  It  consisted  of  five  crude  oils,  one  No.  2 fuel 
oil  and  six  No.  6 fuel  oils  (this  included  the  No.  6 oil  that 
was  actually  spilled) . Infrared  spectra  were  measured  for 
each  oil  at  room  temperature.  The  spectra  were  coded  in  the 
manner  previously  described  and  the  absorptivities  for  the 
"fingerprints"  stored  in  a "room  temperature  suspect  source 
file". 

Samples  from  the  real  spill  were  collected  after  24  hrs 
and  6 days  on  the  water.  Room  temperature  and  low 
temperature  infrared  spectra  for  both  samples  were  measured 
and  these  are  seen  in  Figure  26.  The  too  spectrum  (a)  in 
each  section  is  that  of  the  24  hr  sample,  whereas  the  bottom 
spectrum  (b)  is  that  of  the  6 day  spill. 

The  room  temperature  fingerprints  for  each  sample  were 
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Room  Temperature  Low  Temperature 


Figure  26.  Room  temperature  and  low  temperature  (80°K)  infrared  spectra  of  (a),  sample  collected 
24  hours  after  spill  and  (b)  sample  collected  6 days  after  spill 


compared  to  the  room  temperature  source  reference  file.  The 
results  of  the  comparison  of  the  24  hr  sample  with  all 
possible  source  oils  are  given  in  Table  IV,  which  list  the 
number  of  bands  in  the  spill  sample  comparing  to  within  0.025 
and  0.040  (within  5 and  10*  of  the  average)  of  an  ideal  ma^ch 
with  each  of  the  oils  in  the  reference  file.  The  best 
matches  are  made  with  901,  910  and  911. 

Low  temperature  spectra  of  samples  901,  910  and  911 
were  then  measured,  coded  and  these  data  stored  in  a low 
temperature  source  reference  file.  Results  of  the  comparison 
of  the  24  hr  sample  spectrum  measured  at  80  K to  its 
respective  reference  file  are  also  shown  in  Table  IV.  This 
correlation  shows  that  911,  with  14/16  bands  within  0.040,  to 
be  the  only  sample  continuing  to  match  well  with  the  spill 
sample.  The  number  of  bands  of  901  and  910  matching  with  the 
spill  dropped  considerably. 

Table  V shows  the  comparison  of  the  6 day  sample.  Room 
temperature  analysis  gives  best  matches  with  samples  910  and 
911.  However,  the  low  temperature  analysis  shows  that  only 
911  continues  to  match  well  with  the  spill  sample. 
Therefore,  from  this  evidence  it  would  seem  that  911  is  the 
source  of  the  spill.  This  is,  in  fact,  the  No  6 oil  from  the 
tanker  responsible  for  the  spill. 

During  this  same  time  a municipally  owned  storage  tank 
in  Pawtucket,  R.I.  leaked  5,000  gal.  of  a light  No.  6 fuel 
oil  into  the  brackish  waters  of  a nearby  river.  Samples  were 
collected  from  the  tank  and  the  spill  site  (24  hrs  and  11 
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Table  IV.  Comparison  of  24  hr.  spill  sample  from  New  Haven  with 
12  oil  samples  using  both  room  and  low  temperature 
spectra . 


No. 

Room  Temperature 

Low  Temperature 

# bands 
0.025 

within  limits'*" 
0.040  # ratioed 

# bands 
0.025 

within 

0.040 

iimits+ 

# ratioed 

901* 

5 

11 

16 

3 

4 

15 

902 

4 

6 

16 

2 

4 

14 

903 

2 

2 

16 

4 

9 

16 

904 

1 

2 

13 

0 

2 

11 

905 

4 

6 

14 

5 

8 

11 

906 

0 

3 

10 

3 

3 

10 

907 

1 

4 

16 

9 

10 

16 

908 

2 

8 

15 

7 

8 

16 

909 

3 

5 

16 

1 

3 

16 

910* 

12 

15 

16 

2 

4 

15 

911* 

9 

12 

16 

8 

14 

16 

+ Comparisons  were  made  using  the  log-scale  described  in  ref.  17. 
The  0.025  limit  gives  the  number  of  ratios  within  5%  of  the 
average,  whereas  the  0.040  limit  gives  the  number  of  ratios 
within  10%  of  the  average  ratio. 

★ 

Best  comparisons  at  room  temperature. 
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Table  V. 
No. 

Comparison  of  6 day  spill 
12  oil  samples  using  both 
temperature  spectra. 

Room  Temperature 

sample  from  New  Haven  with 
room  temperature  and  low 

Low  Temperature 

# bands 

within 

limits* 

# bands 

within 

limits* 

0.025 

0.04  0 

# ratioed 

0.025 

0.040 

# ratioed 

901 

5 

8 

16 

1 

3 

15 

902 

6 

7 

16 

4 

5 

14 

903 

1 

3 

16 

9 

10 

16 

904 

1 

1 

13 

1 

2 

11 

905 

3 

4 

14 

1 

3 

11 

906 

1 

1 

10 

3 

3 

10 

907 

1 

2 

16 

2 

3 

16 

908 

4 

5 

15 

6 

7 

16 

909 

3 

4 

16 

1 

3 

16 

910* 

8 

14 

16 

2 

3 

15 

911* 

+*  * see 

6 11  16 
footnotes  in  Table  I. 

9 

11 

16 
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days  after  the  spill) . Boob  temperature  and  low  temperature 
spectra  of  all  samples  were  measured  (Pigure  27)  and  the 
absorpti vities  of  the  source  oils  were  stored  in  their 
respective  files.  Table  VI  shows  room  temperature  and  low 
temperature  results  in  the  comparison  of  the  24  hr  sample 
with  the  "source  oils."  Choices  of  possibilities  from  the 
room  temperature  study  show  902,  910  and  912  giving  best 

matches;  however,  only  912  continues  to  compare  favorably  in 
the  low  t.emDerature  study. 

Room  temperature  and  low  temperature  comparisons  with 
the  11  day  spill  sample  from  the  Pawtucket  Piver  are  given  in 
Table  VTI.  At  room  temperature,  best  matches  are  made  with 
902,  910  and  912,  whereas  the  low  temoerature  comparison 

gives  a consistent  best  match  with  only  912.  Again,  the 
correct  source  has  been  chosen  as  912. 

In  addition  to  measuring  spectra  of  petroleum  at  80  K, 
we  have  also  measured  spectra  at  20  K.  The  spectra  of  a Ho. 
6 fuel  oil  measured  at  80  K and  20  K are  compared  in  Pigur<* 
28.  The  major  differences  are  increases  in  the  intensities 
of  the  bands  at  7 20  and  725  cm  at.  the  lower  temperature. 
These  changes  provide  additional  data  for  identifying 
petroleum;  however,  we  do  not  feel  that  a couple  of 
additional  data  values  warrant  the  time  and  effort  it  takes 
to  measure  spectra  at  20  K.  Thus,  we  are  confining  our 
analysis  to  liquid  N temperature. 
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TRANSMITTANCE 


Figure  27.  Room  temperature  and  low  temperature  (80°K)  infrared  spectra 
of  Pawtucket  (Rhode  Island)  spill:  (a)  sample  collected  24 

hours  after  spill  and  (b)  sample  collected  11  days  after  spill 
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Table  VI 


Comparison  of  24  hr.  spill  sample  from  Pawtucket  with 
13  oil  samples  using  both  room  temperature  and  low 
temperature  spectra. 


No. 

Room  Temperature 

Low  Temperature 

# bands 

within  limits'4- 

# bands 

within 

limits-1- 

0.025 

0.040  # 

ratioed 

0.025 

0.040 

# ratioed 

901 

5 

8 

16 

2 

3 

16 

902* 

7 

10 

17 

2 

6 

15 

903 

3 

4 

17 

6 

9 

17 

904 

1 

1 

13 

1 

2 

12 

905 

4 

5 

14 

2 

2 

11 

905 

0 

0 

10 

3 

3 

10 

907 

5 

6 

17 

9 

11 

17 

908 

5 

8 

16 

6 

7 

17 

909 

3 

4 

17 

1 

1 

17 

910* 

9 

13 

17 

0 

4 

16 

911 

6 

9 

16 

9 

12 

17 

912* 

11 

12 

17 

12 

14 

17 

Table  VII.  Comparison  of  11  day  spill  sample  from  Pawtucket  with 
13  oil  samples  using  both  room  temperature  and  low 
temperature  spectra. 


No.  Room  Temperature  Low  Temperature 

# bands  within  limits+  # bands  within  limits'1" 


0.025 

0.040  # 

ratioed 

0.025 

0.040 

# ratioed 

901 

4 

7 

16 

8 

12 

16 

902* 

9 

9 

17 

1 

4 

15 

903 

4 

4 

17 

7 

9 

17 

904 

0 

1 

13 

2 

2 

12 

905 

4 

5 

14 

3 

4 

11 

906 

0 

1 

10 

3 

3 

10 

907 

5 

6 

17 

5 

9 

17 

908 

7 

8 

16 

5 

5 

17 

909 

4 

4 

17 

2 

2 

17 

910* 

8 

13 

17 

0 

2 

16 

911 

6 

9 

16 

8 

8 

17 

912* 

* see 

12 

footnotes 

14 

in  Table  I 

17 

9 

11 

17 
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IV-C-2.  Vacuum  Treatment  (24) 

Pesults  from  the  Bay  and  laboratory  weathering  studies 
indicate  that  the  greatest  changes  due  to  weathering  take 
place  within  the  first  48-72  hours  after  a spill  and  that  the 
remaining  changes  are  gradual,  involving  oxidation  more  than 
dissolution  or  evaporation  of  sample  components.  It  would  be 
desirable  to  be  able  to  treat  the  unweathered  suspect  sources 
in  a spill  case  in  such  a way  that  would  guickly  and 
conveniently  simulate  the  natural  weathering  of  the  spill 
sample.  volatile  components  normally  lost  by  evaporation 
during  weathering  can  be  removed  by  evacuation;  thus,  we  have 
tested  a vacuum  treatment  as  a possible  means  of  weathering 
oil . 

After  several  oils  had  been  evacuated  for  periods 
between  0.5  and  24  hrs,  it  was  determined  that  the  minimum 
time  required  to  remove  the  volatiles  from  an  oil  sample  was 
approximately  18  hrs.  When  a sample  is  evacuated,  it  cools 
considerably  due  to  the  removal  of  the  lighter  components. 
Therefore,  we  found  that  by  warming  (35-40  C)  the  sample  in 
the  test  tube  prior  to  and  during  evacuation,  the  maximum 
time  required  to  remove  most  volatiles  was  reduced  to  1 hr. 

A total  of  16  crudes,  one  No.  2,  three  No.  5,  seven  No. 
6 and  one  lube  oil  (all  were  the  original,  unweathered  oils) 
was  subjected  to  the  vacuum  treatment  for  1 hr.  An  example 
of  the  changes  which  consistently  occur  in  the  fingerprint 
region  as  a result  of  this  vacuum  treatment  can  be  seen  in 
Figure  29.  The  top  spectrum  (a)  is  of  an  unweathered  crude 
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1200  700 

FREQUENCY,  CM'1 


Figure  29.  Infrared  spectra  in  the  650-1200  cm-1  region  of:  (a) 

unweathered  (172)  crude;  (b)  crude  weathered  7 days; 
and  (c)  unweathered  crude  which  had  been  evacuated  at 
35°C  and  5X10~2  Torr  for  1 hour 


oil  (172)  . The  spectrum  of  the  sane  sample  weathered  one 
week  (b)  shows  a decrease  in  the  intensity  of  many  of  the 
sharper  bands.  The  spectrum  of  the  unweathered  oil  which  has 
been  evacuated  for  1 hr  (c)  looks  very  siiilar  to  that  of  the 
sample  weathered  for  one  week.  The  intensities  of  the 
sharper  bands  have  decreased  in  a similar  manner  to  those  in 
the  weathered  sample  indicating  that  the  major  weathering 
process  occuring  in  the  natural  environment  can  be  reproduced 
in  the  laboratory  by  sample  evacuation. 

To  demonstrate  the  effect  of  the  vacuum  treatment  on 
the  computer  comparisons  of  a weathered  vs.  unweathered  oil 
we  chose  three  weathered  samples  corresponding  to  each  of 
twelve  unweathered  oils  already  evacuated.  This  group 
consisted  of  five  crudes,  one  No.  2,  two  No.  5 and  four  No.  6 
fuels  weathered  for  2,  7 and  14  days  each.  These  oils  were 
all  evacuated  to  insure  that  the  volatiles  were  completely 
removed.  He  then  compared  the  results  by  the  ratio  technique 
on  both  the  unvacuumed  samples  (unweathered/weathered)  with 
the  results  by  the  ratio  technigue  on  the  vacuumed  samples. 
Typical  results  for  four  samples  are  shown  in  Table  VIII.  In 
every  case  the  comparison  of  vacuum  treated  sample  is 
superior  to  that  of  the  unvacuumed  oils.  However,  as  can  be 
seen  from  the  table,  there  are  still  a relatively  large 
number  of  bands  in  the  weathered  samples  that  are  not 
comparing  within  t he  0.04  limit  to  those  of  the  unweathered 
sample . 

During  the  course  of  the  Pay  and  in-laboratory 
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weathering  studies  we  found  that  water  temperature  had  a 


significant  effect  on  weathering  of  petroleum.  Hater 
temperature  would  not  only  be  responsible  for  the  degree  of 
evaporation  of  volatiles  from  the  oil,  but  also  the  degree  of 
dissolution  of  the  soluble  components.  Thus,  we  placed  all 
of  the  unweathered  samples  used  in  the  above  study  in  test 
tubes  with  sea  water  at  35  C.  The  tubes  were  periodicallv 
shaken  over  a period  of  1 hr  and  the  water  removed  as 
previously  described.  The  samples  were  then  evacuated  as 
above.  This  was  done  to  remove  the  soluble  and  volatile 
components  from  the  original  sample  in  order  that  the  match 
between  the  unweathered  sample  and  weathered  sample  would  be 
closer . 

The  water- vacuumed  treated  samples  were  ratioed  with 
the  vacuumed  samples.  As  can  be  seen  in  Table  VIIT, 
treatment  with  sea  water  prior  to  evacuation  greatly  improved 
most  of  the  matches  between  the  unweathered  and  weathered 
oils. 

Difference  spectra  of  sea  water-vacuum  treated  vs. 
unweathered  and  weathered  vs.  unweuthered  samples  were 
measured  to  determine  if  the  vacuum  treatment  simulated 
natural  weathering.  The  too  difference  spectrum  in  Figure 
3D  is  for  an  oil  weathered  2 days  vs.  the  unweathered  crude 
and  the  bottom  spectrum  for  a sample  that  was  treated  wi«-h 
sea  water  and  then  vacuumed  vs.  the  unweathered  sample.  The 
very  weak  band  at  1300  cm  indicates  very  little  oxidation 
in  * he  weathered  sample.  However,  there  is  an  almost  one  to 
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TOP  - crude  (172)  weathered 
2 days  in  marine  environmen 
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Figure  30.  Infrared  difference  spectra  in  the  1900-650  cm-1  region 


one  correspondence  between  the  spectra  in  the  fingerprint 
region  of  1250  and  650  cm-1. 

These  same  results  can  be  obtained  without  measuring  a 
difference  spectrum  directly.  Osing  the  ratio  method  a plot 
can  be  obtained  showing  the  degree  and  direction  of  change 
for  each  of  the  fingerprint  bands  of  a weathered  sample 
compared  to  the  original  unweathered  oil.  In  Pigure  31  the 
too  histogram  shows  the  comparison  of  the  unweathered  crude 
(from  Pigure  29)  to  each  of  its  weathered  samples  after  2,  7 
and  14  days  on  the  water.  The  first  line  in  each  set  of 
three  lines  represents  the  comparison  of  the  2 day  sample  to 
the  original,  the  second  line  is  the  7 day  sample  comparison 
and  the  third  line  is  the  14  day  comparison.  Lines  below  0.0 
represent  a relative  increase  in  band  intensity  in  the 
weathered  spectrum,  whereas  lines  above  0.0  represent  a 
decrease  in  relative  band  intensities.  Losses  in  volatile 
and  soluble  components  are  shown  by  the  bands  below  R10  cm-1. 
The  apparent  increases  in  the  components  absorbing  at  and 
above  R10  cur1  are  most  probably  due  to  an  increased 
concentration  of  the  heavier  components  in  the  sample  as  a 
result  of  the  loss  of  lighter,  soluble  fractions. 

The  bottom  histogram  in  Figure  31  shows  the  comparison 
of  the  same  unweathered  crude  to  the  vacuumed  and  also  to  the 
warer-treated/vacuu raed  crude.  The  first  line  in  each  set  of 
two  represents  the  unweathered  vs  vacuumed  comparison, 
whereas  the  second  line  represents  the  unweathered  vs. 
vacuumed- treated  comparison. 
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TOP  - 1st  bar,  2 day  weathered 
2nd  bar,  7 day  weathered 
3rd  bar,  14  day  weathered 
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Figure  31.  Histogram  in  650-1200  cm-1  region  showing  comparison  of  unweathered  crude  (172) 


From  Figure  31 


it  is  evident  that  the  magnitude  and 


direction  of  change  caused  bv  artificially  treating  the 
unweathered  crude  duplicates  that  which  occurs  during  7 to  7 
days  of  natural  weathering.  comparing  these  histograms  with 
the  difference  spectrum  in  figure  30,  it  can  be  seen  that 
the  two  figures  display  spectra  which  show  identical  decrease 
in  components  that  give  rise  to  bands  below  >110  cm-1  and  a 
relative  increase  in  concent  rat  ion  of  components  that  give 
rise  to  bands  above  RIO  cm-1. 

Histograms  were  obtained  for  comparisons  of  weathered 
(?  days)  vs.  unweathered  samples  and  treated  vs.  unweathered 
samples  for  the  other  11  oils.  Four  of  these  are  shown  in 
Figures  32-3S.  All  showed  results  similar  to  the  crude  Vo. 
177. 

In  the  event  of  a spill,  samples  from  all  possible 
sources  as  well  as  a sample  of  the  spill  itself  would  be 
collected.  The  question  might  arise  concerning  the  possible 
ambiguitv  of  matching  a spill  sample  t0  the  correct  source, 
if  all  samples  had  been  first  evacuated,  i.e.,  does  the 
vacuum  technique  reduce  the  "uniqueness"  of  a sample’s 
finqerprint  to  the  point  where  it  resembles  that  of  ev°ry 
other  suspect?  '"o  test  this  possibility,  we  placed  the 

spectral  data  of  all  12  oils  which  had  been  evacuated  and 
treated-evacuated  into  a "suspect  source"  reference  file  ann 
the  fingerprints  of  the  corresponding  untreated  oils  into 
another  "suspect  source"  refererc3  file.  Parallel 
comparisons  were  mad**  betwoin  an  untreated  spill  sample  and 
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gram  in  650-1200  cm-1  region  showing  comparison 
weathered  crude  (192) 
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Figure  34.  Histogram  in  650-1200  cm-1  region  showing  comparison  of 
unweathered  No.  5 fuel  (616) 


L06 


its  corresponding  reference  file  as  well  as  between  the  same 
spill  sample,  which  had  been  evacuated  and  its  respective 
reference  file.  The  results  are  give  in  Table  IX  a and  b. 
It  can  be  seen  that  the  correct  source  (172)  was  chosen 
unambiguously  from  the  vacuum  file,  whereas  an  incorrect 
natch  to  two  sources  (622  and  626)  was  obtained  fron  the  file 
of  untreated  saaples.  This  type  of  coaparison  was  Bade  for 
weathered  saaples  of  other  oils  contained  in  the  suspect 
source  files  and  similar  results  were  obtained.  In  each 
case,  the  sea  water/vacuua  treatment  of  the  unweathered 
original  improved  the  comparison  to  its  corresponding 
evacuated  weathered  oils  over  the  comparison  of  the 
unweathered  vs.  weathered  oils.  This  can  be  seen  graphically 
in  Figures  36-h3;  these  graphs  plot  the  number  of  bands 
comparing  within  the  limits  of  5,  10,  25  and  50,  and  are 
plotted  for  th«»  following: 

i)  an  unweathered  oil  and  its  corresponding  oil 
weathered  2 days  on  the  water  (o)  and 

ii)  an  unweathered  treated-evacuated  oil  and  its 
corresponding  evacuated  oil  weathered  2 days  on 
water  (A) 
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TABLE  IXa 


Comparison  of  Crude  (172)  Weathered  2 days  with 
Untreated  Original  Oils 


Knum 

Number 

of  bands 

within 

limits 

# bands  ratioed 

0.025 

0.040 

0 . 100 

0.150 

172 

3 

6 

11 

15 

18 

188 

2 

3 

13 

16 

18 

191 

1 

4 

9 

13 

18 

192 

3 

4 

9 

13 

18 

213 

2 

4 

10 

14 

18 

417 

2 

2 

7 

9 

18 

616 

0 

1 

5 

10 

17 

617 

2 

2 

6 

14 

18 

618 

0 

1 

4 

8 

18 

622 

10 

11 

18 

18 

18 

623 

5 

6 

15 

16 

17 

626 

7 

14 

18 

18 

18 

1(39 
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TABLE  IXb 


Comparison  of  Crude  (172)  Weathered  2 Days 
and  Evacuated  1 hr.  with  Evacuated  Original 
Oils  ( XXXOOO)  and  Treated-Evacuated  Original 
Oils  (XXX900) 


Knumb 

Number 
0 .025 

of  bands 
0.040 

within 

0.100 

limits 
0.15  0 

# bands  ratioed 

172000 

6 

14 

18 

18 

18 

172900 

13 

15 

18 

18 

18 

188000 

9 

12 

18 

18 

18 

188900 

10 

13 

18 

18 

18 

191000 

3 

6 

15 

17 

17 

191900 

3 

4 

15 

17 

17 

192000 

4 

8 

12 

16 

17 

192900 

4 

8 

12 

16 

17 

213000 

4 

5 

12 

15 

18 

213900 

5 

6 

13 

15 

18 

41700Q 

3 

5 

11 

17 

17 

417900 

4 

8 

16 

17 

17 

616000 

2 

4 

13 

18 

18 

616900 

4 

4 

13 

17 

17 

617000 

0 

2 

11 

18 

18 

617900 

1 

5 

13 

17 

18 

618000 

1 

1 

5 

12 

17 

618900 

2 

4 

11 

15 

17 

622000 

9 

15 

17 

18 

18 

622900 

6 

12 

18 

18 

18 

623000 

4 

8 

14 

16 

17 

623900 

5 

7 

15 

16 

17 

626000 

7 

13 

18 

18 

18 

626900 

8 

11 

18 

18 

18 

Figures  36-43.  Number  of  ratios  comparing  within 
specified  limits  for  the  following: 

i)  unweathered  oil  and  its  corresponding  oil  weathered 
2 day  on  the  water  (o) 

ii)  the  same  unweathered,  vacuum-treated  oil  and  its 

corresponding  vacuum-treated  oil  weathered  2 days  on 
water  ( ^ . 
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Figure  36.  Crude  188 


Figure  37. 


NO  4 FO.  (417) 


igure  39.  No . 4 rue 


Sliwn  NIH1IM  SQNV9  dO  ON 
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Figure  40.  No.  6 fuel  616 


Figure  43.  No.  6 fue 


IV-D.  Effects  of  Instrumentation  and  Cell  Types 
IV-D-1.  Instrumentation 


IV-D-1-a.  Instrument  Resolution  and  Sensitivity 

During  the  course  of  this  investigation  infrared 
spectra  were  measured  on  various  commercial  spectrometers  to 
determine  the  instrument  sophistication  necessarv  to  give 
adequate  spectral  resolution  and  sensitivity  in  the 
fingerprint  region  (650-1250  cm-*).  Resolution  and 
sensitivity  are  important  for  the  correct  identification  of 
petroleum  because  there  are  many  sharp,  closely  spaced 
absorption  bands  in  this  region.  There  are  also  some 
character istic  shoulders  which  can  often  be  the  only 
distinguishing  characteristic  between  two  very  similar  oil 
samples.  An  infrared  spectrometer  used  for  oil 
identification  must,  therefore,  be  able  to  resolve  these 
closely  spaced  bands  and  measure  absorption  of  the  weaker 
bands  and  shoulders. 

Three  A.P.T.  standard  oils  (Bunker  C,  South  Louisianna 
crude  and  Mo.  2 fuel)  were  used  in  this  test.  The  oils  were 
placed  in  sealed  KBr  cells  of  0.05  mm  pathlength.  To 
eliminate  the  possibility  of  the  oils  changing  composition 
during  the  experiments,  the  cells  were  cleaned  several  times, 
reloaded  with  the  same  oil,  and  new  spectra  measured  on  our 
P.E.  521  spectrometer. 

We  have  compiled  all  of  the  spectral  data,  and  have 
used  our  ratio  method  to  compare  the  spectra  measured  on  each 
instrument  with  spectra  of  the  sam*Jf samples  measured  on  the 
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P.E.  S? 1 . The  number  of  ratios  within  10*  of  the  average 
ratio  are  listed  in  Table  X. 

There  is  a possible  flaw  with  this  test,  since  all  of 
the  instruments  are  compare!  to  our  P.p.  S 2 1 . Obviously, 
spectra  measured  on  the  P.E.  571  could  be  inaccurate,  which 
would  make  the  results  meaninqlass.  However,  all  of  the 
"better"  instruments  had  at  least  15/1H  ratios  within  10*  of 
the  average.  In  all  cases  except  one,  the  comparison  of  an 
individual  instrument  with  the  P.E.  521  was  consistent  for 
all  three  oils,  i.e,  the  comparisons  were  either  all  good  or 
all  bad.  The  one  exception  is  the  Heckman  Acculab  5,  which 
compared  well  for  two  oils  and  bad  for  one  oil.  After 
studying  all  of  the  ratios  and  spectra  very  closely  we  found 
that  this  instrument,  proohably  had  a bad  source,  since  the 
background  for  all  of  the  spectra  measured  on  this  instrument 
were  different  from  those  of  spectra  measured  on  other 
insturments.  The  effect  was  rather  small  and  it  influenced 
only  the  results  obtained  on  the  No.  2 fuel.  Although  only 
12  ratios  were  within  10*  of  the  average,  all  of  the  other 
ratios  were  very  close  to  the  10*  cut.  off. 


Table  X.  Comparison  of  different  instruments.  Spectra  of 

three  API  standard  oils  measured  on  12  instruments 
are  compared  with  spectra  measured  on  P.E.  Model  521 
at  URI . Eighteen  bands  were  used  for  all  of  the  com- 
parisons . 


No.  of  Ratios  Within  10%  of  Average 


So.  La.  Crude 

No.  2 F.O. 

Bunker  C 

Instrument 

11 

11 

13 

P.E.  700  (URI) 

13 

11 

13 

735B 

17 

15 

16 

180 

* 

18 

* 

137 

16 

15 

17 

467 

17 

18 

17 

567 

16 

15 

17 

457  (URI) 

15 

13 

13 

Beckman 
I.R.  8 (URI) 

16 

12 

16 

Beckman 
Acculab  5 

17 

17 

15 

Beckman 
Acculab  6 

18 

18 

16 

4240  (slow  scan) 

18 

18 

15 

4240  (fast  scan) 

*Spectra  on  absorbance  paper 
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IV-D-1-b.  Comparison  of  Resolution 

Infrared  spectra  of  twelvp  unweathered  and  weathered 
oils  (5  crudes  and  7 fuels)  were  measured  on  a Beckman  Bodel 
4240  Digitized  Infrared  Spectrophotometer.  The  % 
transmissions  from  1950  to  6*50  cm-1  at  1 cm-1  increments  were 
punched  onto  paper  tape  along  with  a six  digit  identification 
number  for  each  oil.  These  data  were  then  entered  into  our 
IBB  370/IBS  time  share  system  through  a PDP-9  computer.  The 
* transmissions  were  converted  into  absorbti vities  and  stored 
in  data  files  for  subseguent  processing. 

The  average  log  ratio  technique  described  in  Sec  IV-h 
was  used  to  compare  the  spectra.  Instead  of  calculating  the 
baseline  using  two  points  (19S0  and  650  cm-*)  a horizontal 
baseline  was  assumed  using  the  % transmission  at  650  cm-1 
(some  of  the  oils  were  only  digitized  from  1250  to  650  cm-* 
and  therefore  lacked  * transmission  values  at  1950  cm-1). 
Furthermore,  we  now  used  492  transmission  values  between  1192 
and  650  cm-*  for  each  oil,  whereas  all  of  the  other 
calculations  were  limited  to  19  selected  frequencies. 

Comparisions  were  made  using  every  cm-*,  every  10  cm-*, 
every  20  cm-*,  and  every  30  cm-*.  In  the  latter  three  cases, 
after  the  initial  comparision,  the  starting  wavenumber  would 
be  decremented  by  one  wavenumber  and  another  comparison 
performed,  e.g.,  in  the  10  cm-*  case,  the  initial  ratio  was 
determined  at  IIP?  cm-*  and  then  at  every  10  cm-*  down  to  69? 
cm-*  (1182,  1172,  1 162, . . .69?) . The  computer  would  then  go 
back,  start  at  1181  cm-*  and  determine  the  ratio  at  every  ten 
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wavenumbers  down  to  701  cm-1  (1181,  1171,  1161 .701) . This 
would  bp  repeated  ten  tiwes.  The  same  procedure  was  used  for 
the  20th  and  70th  ci-‘  comparisons.  This  method  generated 
more  representative  data  than  if  an  arbitrary  starting 
frequency  had  been  chosen. 

The  entire  computer  output  for  the  twelve  oils 
consisted  of  over  1000  pages.  For  this  report  the  data  for 
only  one  oil  are  listed  and  discussed.  The  comparison  was 
made  using  the  weathered  crude  oil,  154301  as  the  unknown  and 
comparing  it  to  weathered  and  unweathered  known  oils.  The 
percentage  of  frequencies  with  absorbtivity  ratios  within  5, 
10,  and  25%  of  the  average  ratio  (using  the  log  ratio  method) 
for  the  18  frequencies  normally  used,  and  the  % range  ot 
frequencies  for  every  cm-1,  every  10  cm-1,  every  20  cm-1,  and 
every  30  cm->  between  1182  and  692  cm-1  are  listed  in  Table 

xr. 

Ideally,  the  best  match  would  be  indicated  by  a high 
percentage  for  one  oil  and  a low  percentage  for  the  other 
oils.  All  the  comparisons  showed  a definite  match  between 
the  weathered  crude,  184301  and  the  corresponding  unweathered 
crude,  154000.  The  comparison  using  18  selected  points 
yielded  the  most  positive  identification,  but  even  the 
comparisons  using  every  30-,  wavenumber  resulted  in  the 
correct  match.  Thus,  even  at  a resolution  of  only  thirty 
wavenumbers  it  was  possible  to  match  a weathered  oil  to  its 
unweathered  source. 

For  the  comparisons  ratioing  absort ivities  at  every  10, 
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Table  XI. 

Percentage  of  Frequencies  within  Limits 
Ratio  Method  Comparison  of  154301  with: 

using  the 

Limits  - 

0.025  (5%)  0.040  (10%) 

0.100  (25%) 

18  bands 

109000 

11 

11 

39 

150000 

44 

55 

83 

154000 

72 

89 

100 

156000 

11 

28 

67 

406000 

0 

5 

33 

412000 

28 

28 

67 

412342 

44 

67 

89 

611000 

5 

5 

5 

626000 

33 

50 

94 

626461 

28 

50 

94 

626462 

22 

50 

89 

all  cm'1 

109000 

21 

29 

66 

150000 

51 

70 

94 

154000 

75 

91 

100 

156000 

24 

38 

86 

406000 

10 

18 

47 

412000 

35 

46 

81 

412342 

57 

75 

98 

611000 

4 

6 

25 

626000 

41 

56 

91 

626461 

25 

42 

89 

626462 

30 

42 

97 

every  10th  cm' * 


109000 

14-26 

22-36 

61-75 

150000 

46-57 

69-74 

92-96 

154000 

70-79 

90-94 

100 

156000 

18-30 

33-40 

83-90 

406000 

6-14 

14-22 

45-49 

412000 

52-38 

40-51 

76-86 

412342 

51-63 

65-86 

96-100 

611000 

2-6 

4-10 

18-29 

626000 

37-49 

47-61 

88-94 

626461 

18-30 

36-49 

88-92 

626462 

22-32 

36-49 

96-98 
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Table  XI. 


Cont inued 


Limits  - 0.025  (51)  0.040  (10%)  0.100  (25%) 


every  20th  cm'^ 
109000 

12-28 

20-37 

58-76 

150000 

40-62 

62-76 

88-96 

154000 

68-84 

87-96 

100 

156000 

12-32 

32-48 

79-96 

406000 

0-17 

12-25 

33-54 

412000 

20-40 

40-52 

75-88 

412342 

29-72 

58-88 

92-100 

611000 

0-8 

4-12 

12-32 

626000 

28-50 

44-70 

84-96 

626461 

12-37 

28-67 

80-96 

626462 

12-46 

32-52 

96-100 

every  30th  cm'* 
109000 

12-37 

11-49 

56-76 

150000 

29-58 

62-82 

87-100 

154000 

50-88 

75-100 

100 

156000 

12-47 

17-64 

71-88 

406000 

6-19 

6-51 

31-56 

412000 

23-47 

37-56 

71-88 

412342 

37-75 

47-87 

88-100 

611000 

0-17 

0-12 

13-35 

626000 

29-50 

41-75 

76-100 

626461 

6-37 

17-56 

75-100 

626462 

11-44 

23-50 

82-100 
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20,  and  30  cm-*  it  was  necessary  to  record  almost  *100  data 
points  compared  to  the  18  data  points  required  by  usinq  18 


selected  frequencies.  Mso  in  the  case  of  every  30  cr>  it 
was  necessary  to  run  the  proqram  30  times  and  each  time 
decrement  the  startinq  frequency  by  one  wavenumber 
(similiarly  20  times  for  every  20  and  10  times  for  every  10 
ci->) . Because  of  the  larqe  volume  of  data  involved  in 
digitizing  everv  wavenumber  it  was  impossible  to  run  an 
efficient  computer  time  share  program,  since  each  oil 
required  that  a separate  data  file  be  opened  and  closed  each 
time  it  was  compared  to  the  unknown.  Obviously,  this  greatly 
increased  computer  time  and  computer  costs.  Therefore,  we 
recommend  in  the  case  of  digitized  infrared  spectra  that  only 
data  at  specific  selected  frequencies  be  entered  into  the 
permanent  computer  data  files.  This  may  easily  be 
accomplished  by  storing  the  entire  digitized  infrared  output 
in  a temporary  computer  data  file,  selecting  the  X 
transmission  values  at  the  desired  frequencies,  and  then 
storino  those  selected  values  in  the  permanent  computer  file 
to  be  used  in  subsequent  identification  proqrams.  In  this 
way  unnecessary  data  and  thus  unnecessary  computer  time  and 
costs  are  avoided. 

Prior  to  the  investigation  -just  discussed  a preliminary 
study  had  been  conducted  involving  only  four  oils  and  usinq 
the  t transmission  value  at  1950  cm-*  to  draw  a horizontal 
baseline.  However,  the  actual  baseline  for  one  of  the  oils 
exhibited  a positive  slope  toward  th3  lower  wavenumbers  and 


127 


J 


starting  at  700  ca-*  the  f transaission  values  began  to  fall 
above  the  horizontally  drawn  1950  ca-»  baseline.  This 
resulted  in  negative  absorptivities  in  the  700-650  cm-* 
region.  In  situations  where  the  baseline  is  not  perfectly 
horizontal  and  assuaing  that  the  baseline  should  be  drawn  in 
the  650-1950  c«-»  region  there  are  two  feasible  solutions. 

The  infrared  transaission  data  at  1950  cm-1  and  650  ca-t  can 
be  exaained  to  select  the  highest  t transaission  and  the 
baseline  can  be  drawn  froa  the  highest  point.  However,  when 
there  are  a large  nuaher  of  spectra  involved,  1/3  aay  have 

1950  cur*  as  the  highest,  1/3  aay  have  650  ca_»  as  the 

highest,  and  1/3  nay  have  an  ideal  horizontal  baseline  which 
would  thus  result  in  a randoa  assignment  of  baselines.  The 
second  solution  would  be  to  draw  the  baseline  from  the  % 
transaission  value  at  1950  ca-»  to  the  * transmission  value 
at  650  cm-1  thus  eliainating  any  decision  process.  Host  of 
the  oils  exaained  have  had  very  snail  * transaission 
differences  between  1950  c»*>  and  650  ca-*.  This  resulted  in 
negligible  differences  in  the  final  average  by  the  log  ratio 

analysis  when  the  baselines  were  drawn  froa  only  one  point 

and  when  drawn  using  two  points.  Tor  reasons  of  efficiency 
(one  less  decision  process)  and  for  consistency  we  recoanend 
the  baseline  be  drawn  from  1950  ca-1  to  650  ca-*. 
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IV-D-2.  Dependence  of  Cell  Type  on  Spectral  Measurements 

To  deternine  the  effect  of  cell  type  on  the  spectral 
fingerprints,  spectra  of  the  three  A.P.I.  standard  oils  were 
measured  with  the  oils  contained  in  AgCl,  KBr  and  IfaCl  cells 
(0.05  an  pathlength  in  all  cases).  A demountable  AgCl  cell 
and  sealed  KBr  and  NaCl  cells  were  used  for  this  study.  All 
spectra  were  measured  on  a P.E.  521  spectrometer. 

Spectra  for  each  of  the  oils  measured  in  the  three 
different  cells  were  coapared  by  the  ratio  method,  and  the 
ratios  within  10<  of  the  average  were  used  as  a measure  of 
similarity.  The  results  for  the  crude  oil  are  given  in  Table 
XII.  Spectra  measured  in  the  AgCl  and  KBr  cells  gave  a 
perfect  match  (IB/lfl),  whereas  neither  cell  compared  well 
with  the  NaCl  cell.  The  results  for  the  No.  2 fuel  are  given 
in  Table  XIIT.  In  this  case  the  comparison  is  good  between 
KBr  and  AgCl  and  again,  neither  cell  compared  well  with  NaCl . 
The  results  for  the  Bunker  C oil  are  given  in  Table  XI?.  The 
spectrum  of  the  oil  in  the  KBr  cell  was  measured  on  two 
different  occasions  to  determine  the  reproducibility  of  the 
spectral  measurements.  Both  spectra  measured  in  the  KBr  cell 
compared  favorably  with  each  other  and  with  the  spectrum 
measured  in  the  AgCl  cell.  However,  comparison  of  the 

spectra  measured  in  the  AgCl  and  KBr  cells  with  that  measured 
in  a NaCl  cell  was  only  fair. 

Por  all  three  oils  the  spectra  measured  in  the  AgCl  and 
KBr  cells  compared  favorably. 
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Table  XII.  Comparison  of  Spectra  of  So.  La.  Crude  Oil  (API) 
Measured  with  AgCl,  KBr,  and  NaCl  Windows.* 


of 

Ratios  within 

10% 

of  Average 

AgCl 

KBr 

NaCl 

AgCl 

18 

18 

14 

KBr 

18 

18 

15 

NaCl 

14 

15 

18 

Table  XIII.  Comparison  of  Spectra  of  No.  2 Fuel  Oil  Measured  with 
AgCl,  KBr,  and  NaCl  Windows.* 


No.  of  Ratios  within  10%  of  Average 


AgCl 

KBr 

NaCl 

AgCl 

18 

17 

11 

KBr 

17 

18 

15 

NaCl 

11 

15 

18 

Table  XIV.  Comparison  of  Spectra  of  Bunker-C  Fuel  Oil  Measured 
with  AgCl,  KBr,  and  NaCl  Windows.* 


No. 

of  Ratios 

within  10% 

of 

Average 

AgCl 

KBr 

KBr 

NaCl 

AgCl 

18 

16 

18 

10 

KBr 

16 

18 

18 

11 

KBr 

18 

18 

18 

11 

NaCl 

10 

11 

11 

18 

*A  demountable  AgCl  cell,  and  sealed  KBr  and  NaCl  cells  were  used; 
all  had  pathlengths  of  0.05  mm.  Eighteen  bands  were  used  for  all 
of  the  comparisons. 
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TV-E.  New  and  Modified  Methods  for  Computer  Analysis  of 
Spectral  Data 

In  addition  to  testinq  the  original  ratio  method  with 
the  modifications  given  in  Sec.  TV-A,  we  have  added 
probability  of  identification  (or  confidence  limit)  to  the 
analysis,  and  we  have  explored  another  different  approach  of 
analyzing  the  spectral  data. 

IV-E-1.  Probabilities  Using  the  Patio  Method  (23). 
rV-E-1-a.  The  Probability  Function. 

To  determine  the  closeness  of  a "match"  using  the  ratio 
method,  we  defined  a statistic  which  would  be  similar  to  a 
normal  statistic,  and  then  transformed  this  "defined" 
statistic  so  that  it  had  approximately  an  v distribution  We 
define  this  statistic  as  the  "sum  of  squares,"  i.“., 

c2  _ r-  Ai  1 v 1 Aix  2 

S Z (log  ^ii  — 2g  * log  (1) 

i i i i 


This  is  not  the  usual  sum  of  squares  which  is  defined  as 

lUi-V2  (?) 
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but  there  is  a similarity. 

Since  our  statistic  contains  a ratio  of  observables,  »e 
found  that  we  could  transform  it  so  that  the  distribution  of 
S 2 (i.e.,  (S?))  matches  an  P-distribution.  The  F statistic 
is  reasonable  to  use,  since  it  is  defined  as  a ratio  (2f>) 


F - 

" Y2/v2 


(3) 


where  Y are  independent  random  variables,  and  are  the 
degrees  of  freedom  for  each.  If  the  number  of  degrees  of 
freedom  are  the  same  for  both  samples,  the  F-probabili ty 
density  is  given  by 


(F)  = Liv) F(v-2)/2(1  + f)  V 

( r ( v/2 ) ) 2 


(«) 


To  transform  the  density  function  for  S2  into  the 
density  function  for  F we  multiply  all  S2  values  by  a 
con sta n t , t , i.e.. 


S2  =♦•«;?  (S) 


so  that  the  maximum  value  of  (S2)  is  th*»  samp  as  that  for 
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m . 


The  frequencies  of  occurrence  for  S2'are  compared  to 

those  for  F with  1,  11  and  17  degrees  of  freedom  in  Figure 

44.  By  usinq  a sliding  ordinate  scale  we  have  made  the 

maxima  for  ^(S2)  and  all  three  4>[?)  distributions  occur  at 

the  same  value.  It.  is  obvious  from  this  diagram  that  the 

number  of  degrees  of  freedom  for  S2^is  somewhere  between  3 

and  11.  Next.  we  fitted  to  the  ? density  functions  with 

3,  4,  5 11  degrees  of  freedom  and  found  that  5 deqrees 

gives  the  best  fit.  The  F density  function  with  5 degrees  is 

compared  to  the  (S2)  distribution  for  18,981  unweathered 

pairs  (all  oils  are  from  different  sources)  in  ?iaure  45. 

• ■ 

The  value,*!  of  the  transformation  constant,  t,  is  3.49.  The 
transformed  S2  distribution  for  345,030  pairs  of  weathered 
and  unweathered  oils  (only  data  for  different  oils  were 
included)  is  shown  in  Figure  46.  kgain,  the  fit  is  good; 
however,  the  value  of  t is  3.91  in  this  case.  The  value  is 
slightly  higher,  since  weathering  has  a tendency  to  make  all 
oils  similar  and  to  decrease  the  value  of  S2  at  which  the 
maximum  density  appears. 

TV-F-1-b.  Degrees  of  Freedom 

We  might  first  anticipate  havinq  17  degrees  of  freedom 
considering  that  we  are  usinq  18  bands  for  identification; 
however,  as  pointed  out  by  Flattson,  at  al.  (27),  manv  of  the 
bands  are  highly  correlated.  This  is  the  obvious  explanation 
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Figure  44.  Frequency  of  occurrence  of  Sz  compared  to  probability  density 

curves  for  an  F-distr ibution  with  3,  11  and  17  degrees  of  freedom 


for  havina  only  5 deqrees  of  freedom  rather  than  17.  Since 
we  have  some  bands  that  are  different  than  those  used  by 
Nattson,  et  al. , and  since  we  are  including  weathered  in 
addition  to  unweathered  oils,  we  have  recalculated  the 
correlation  coefficients  given  by  the  euuation 


r 


(zx.)2  ) (zy.2-1(zy.)2)]1/2 


(6) 


where  Xt  and  are  the  absorbances  of  two  different  bands, 
and  the  summation  is  over  all  soectra.  In  order  to  eliminate 
the  pathlength  dependence,  we  normalize  all  bands  to  the  one 
at  915  cm-* ; this  band  was  chosen  for  the  normalization, 
since  it  appears  to  change  less  with  weathering. 

The  correlation  coefficients  between  all  pairs  of  bands 
for  a total  of  790  unweathered  oils  and  579  weathered  oils 
are  given  in  Table  XV.  A general  trend  in  the  data  is  that 
most,  of  the  bands  below  900  cm-1  correlate  highly  with  each 
other,  and  all  of  the  bands  above  900  cm-1  correlate  highly 
with  each  other.  The  reason  for  this  is  that  the  background 
above  900  cm-*  increases  with  weathering  (20) . Since  we  are 
including  data  for  weathered  oils  we  find  two  sets  of  bands 
with  high  correlations  within  each  set. 

On  the  basis  of  the  results  qiven  in  Table  XV  we 
repeated  the  calculation  of  the  probability  density  function 
^(S?/)  after  eliminating  the  nine  bands  at  69S,  7fis,  700, 
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TABLE  XV.  Correlation  Coefficients  Between  Pairs  of  Bands  (for  869  Weathered  and  Unweathered  Oils) 


1160 


790,  93%  94%  «90,  1070,  1149  cm-i.  Th»  hand  at  699  cm"* 

was  eliminated  both  on  the  basis  of  hiqh  correlation  and  on 

♦he  fact  that  it  chanqes  drastically  with  weathering.  The 

/ 

distribution  obtained  after  transforming  S2  to  S2  is 
compared  to  the  9- d istr ibut i on  with  9 deqrees  of  freedom  in 
’’iaure  47.  The  fit  is  not  auite  is  qood  as  that  obtained 

using  all  of  the  bands,  but.  it  is  still  acceptable  . 
trying  to  eliminate  additional  bands  an  acceptable  fit  could 
not  be  obtained. 

This  part  of  the  study  shows  that  some  bands  can  be 
eliminated  from  the  analysis  without  reducinq  the  number  of 
degrees  of  freedom.  However,  in  some  actual  spill  cases,  we 
have  found  one  or  more  of  these  bands  pertinent  to  making  a 
correct  identification.  Thus,  for  the  present,  we  are 
retaining  all  19  bands  for  an  analysis. 

TV-5-l-c.  Probability  of  Identification 

The  observed  density,  (S2) , for  349,030  pairs  of 
different  oils  and  for  9,934  pairs  of  the  same  oils 
(weat hered/unwea t he  red  and  weathered/weathered,  i.e.,  two 
oils  weathered  for  different  time  periods  or  at  different 
locations)  ar°  plotted  in  Figure  49.  Tha  comparison  shows 
that  the  s2  values  for  pairs  of  tha  same  oils  are  close  to 
zero;  however,  there  is  some  overlap  with  the  curve  for 
different  oils,  i.e.,  some  pairs  of  different  oils  have  s2 
values  less  than  those  for  the  same  oils.  The  closeness  of  a 
correct  match  is  based  on  the  fraction  of  different  pairs. 


Figure  47.  Frequency  of  occurrence  of  Sz  for  18,891  unweathered  pairs  of  oils  using 
only  9 bands  compared  to  F-distribution  with  5 degrees  of  freedom 


having  S*  values  larqer  than  the  pair  under  consideration. 
For  example,  if  93*  of  different,  pairs  have  S?  values  (or  F 
values  after  the  transformation)  greater  than  the  pair  under 
considerat ion , the  probability  associated  with  the  latter 
pair  being  the  same  oil  would  be  0.93.  We  are  assuming  here 
that  our  sample  of  different,  oils  is  reoresentative  of  the 
entire  population  of  oils.  Thus,  0.93  means  that  7*  of  all 
oils  in  the  world  would  match  better.  For  spills  involving  a 
known  number  of  suspects  the  probability  of  obtaining  a 
correct.  match  would  be  much  higher.  Thus,  the  lowest 
possible  value  is  given  by  this  method. 

To  calculate  the  probability  associated  with  a pair  of 
spectra  being  identical,  w»  first  calculate  S?  bv  egn.  1, 
multiply  this  bv  3.49  (the  value  of  t for  1B,9ai  pairs  of 
different  oils)  to  net  Sj/,  and  integrate  egn.  4 between  the 
limits  of  0 and  S?/ . The  latter  value  aives  the  fraction  of 
oils  from  the  total  population  that  match  better  than  the 
pair  under  consideration.  This  value  is  then  subtracted  from 
1.0  to  give  the  closeness  of  the  match. 

'"he  probabilities  associated  with  matching  the  same 
oils  from  the  soectral  data  stored  in  our  computer  data  bank 
are  given  in  Table  xvt.  The  pairs  in  this  data  set  include 
w eat hered /unweat  here'’  and  weathered/weat.hercd  of  ♦•he  same 
oil.  The  results  at°  encouraginq,  since  f>7*  of  all  like 
pairs  match  with  a value  bettor  than  0.9S. 

The  probabilities  associated  with  matchinq  spectra  of  a 
weathered  oil  with  the  same  unweathered  source  oil  are  given 
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TABLE  XVI.  Probabilities  Associated  with  Matching  Same  Oils. 

Comparisons  are  made  for  weathered/unweathered  and 
for  we a the red /we a the red  spectra  of  the  same  oil 


Probability 

Number 
of  Pairs 

Percentage 
of  total 

0.999 

656 

12 

0.99 

2403 

43 

0.95 

3744 

67 

0.90 

4213 

76 

total  number 

5569 

in  Table  XVII;  values  are  given  for  oils  weathered  2,  7,  and 
1U  days.  Even  after  only  two  days  of  weathering  only  42*  of 
the  oils  match  with  a probability  >0.95,  and  this  decreases 
with  weathering  tine. 

The  results  in  Table  XVII  are  not  as  good  as  those  in 
Table  XVI,  since  results  are  included  in  the  latter  table  for 
weathered  oil  vs  the  same  oil  weathered  for  a different 
length  of  time.  In  other  words,  comparison  of  weathered  with 
weathered  oils  has  a much  higher  probability  of  matching. 
This  implies  that  it  is  possible  to  match  an  oil  from  an 
actual  spill  to  the  correct  suspect,  if  all  of  the  suspect 
oils  are  weathered. 

It  takes  several  days  and  considerable  effort  to 
"weather”  an  oil  under  natural  conditions:  however,  using  the 
vacuum  method  described  in  sec  III-C-2  we  can  simulate  the 
first  few  days  of  natural  weathering  in  approximately  2 hrs. 
We  have  tested  the  probability  relationship  on  a limited 
number  of  oils  treated  in  this  manner,  and  the  results  are 
given  in  Table  XVTII.  These  results  are  very  satisfying, 
since  they  show  that  97*  of  oils  weathered  2 days  and  90*  of 
oils  weathered  7 days  can  be  matched  with  a probability 
>0.95.  This  method  of  simulating  weathering  is  not  good  for 
long  periods  as  is  indicated  by  the  14  day  results;  at  these 
longer  weathering  periods  oxidation  plays  an  important  role 
in  the  weathering  process. 
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TABLE  XVII.  Probabilities  Associated  with  Matching  Spectra  of 
Weathered  Oil  with  the  Same  Unweathered  Oil 

I Time  of  Weathering 

Probability  2 Days  7 Days  14  Days  Total 


Number 

% 

Number 

% 

Number 

% 

Number 

% 

0.999 

20 

6 

11 

4 

9 

4 

40 

c 

0.99 

65 

19 

39 

16 

27 

12 

131 

16 

0.95 

140 

42 

83 

34 

52 

24 

275 

34 

0.90 

180 

54 

105 

43 

67 

31 

352 

44 

Total 

334 

100 

245 

100 

219 

100 

798 

100 
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TABLE  XVIII.  Probabilities  Associated  with  Matching  Spectra  of 
Weathered  Oil  with  the  Same  Unweathered  Oil  After 
All  Unweathered  Samples  were  Vacuum-Treated 


Probability 

1 

2 Days 
Number 

% 

-Time  of  Weathering — 
7 Days 
Number  % 

I 

14  Days 
Number  % 

0.999 

11 

29 

8 

19 

5 

12 

0.99 

31 

82 

25 

60 

17 

40 

0.95 

37 

97 

38 

90 

23 

55 

0.90 

38 

100 

40 

95 

24 

57 

Total 

38 

42 

100 

42 

100 
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IV-E-2.  Pattern  Recognition  Usinq  Correlation  Coefficients. 

This  method  is  based  on  the  assumption  that  an  unknown 
weathered  oil  will  correlate  better  with  other  weathered 
sanples  of  the  same  oil  than  it  will  with  weathered  samples 
of  other  oils.  By  using  laboratory  weathered  oils  we  show 
that  the  "known"  data  base  can  be  made  up  of  artificially 
weathered  oils. 

Six  weathered  samples  (three  weathered  in  the  lab  and 
three  weathered  on  the  Bay,  at  the  aquarium,  or  on  the  roof 
of  the  lab)  of  twenty-one  different  oils  were  used  to  test 
the  method;  the  identification  numbers  of  the  oils  used  in 
this  test  case  are  given  in  Table  XIX.  Of  the  six  samples  of 
each  oil,  one  was  arbitrarily  chosen  as  an  unknown  and  the 
remaining  five  added  to  a "known"  data  file,  i.e.,  spectral 
data  for  105  oils  were  stored  in  the  known  data  file. 

Spectral  data  for  each  of  the  21  unknown  sanples  were 
compared  to  those  data  for  all  of  the  105  known  samples.  In 
this  case,  we  did  not  use  the  ratio  method,  rather  we 
calculated  the  correlation  coefficient  between  each  unknown 
and  each  of  the  knowns  stored  in  the  file  by  the  equation  6 
where,  in  this  case,  X^  are  the  absorptivities  for  the  known 
and  the  absorptivities  for  the  unknown.  For  each  unknown 

we  sorted  all  of  the  knowns  (all  105)  by  decreasing 
correlation  coefficients.  Tn  general,  the  coefficients  for 
the  same  oils  "clustered"  toward  the  top.  He  then  used  a 
"weighted"  Kth  nearest  neighbor  technique  with  K=5  to 
identify  the  source  of  the  unknown  oil,  i.e.,  the  known  oil 
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TABLE  XIX.  Listing  of  Oils  Used  to  Test  the  Method  of  Identi- 
fying Sources  by  Correlation  Coefficients 


152101 

178101 

608101 

103 

102 

102 

104 

103 

103 

311 

301 

301 

312 

302 

302 

313 

303 

303 

162101 

179101 

610101 

102 

102 

103 

202 

103 

201 

301 

301 

301 

302 

302 

302 

303 

303 

303 

169101 

181101 

613101 

102 

102 

102 

103 

103 

103 

301 

331 

301 

302 

332 

302 

303 

333 

303 

171101 

185101 

620441 

102 

102 

442 

103 

103 

443 

301 

301 

301 

302 

302 

302 

303 

303 

303 

172101 

213411 

622451 

102 

412 

452 

103 

413 

453 

331 

301 

411 

332 

302 

412 

333 

303 

413 

174101 

605101 

623301 

102 

102 

302 

103 

103 

303 

311 

331 

452 

312 

332 

453 

313 

333 

454 

177101 

607101 

626121 

102 

102 

122 

103 

103 

123 

331 

331 

351 

332 

332 

352 

333 

333 

353 
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with  the  highest  correlation  coefficient  is  given  a "vote"  of 
5,  the  second  highest  a "vote**  of  4,  etc.  Then  we  summed  the 
"votes"  for  the  weathered  samples  of  the  same  oils.  The 
correct  source  should  have  the  highest,  total  vote. 

The  results  for  the  21  oils  used  in  this  test  are  given 
in  Table  XX.  On  comparing  the  first  sample  152312,  with  all 
of  the  105  knowns,  we  find  that  it  correlates  higher  with  the 
five  samples  of  the  same  oil  than  it  does  with  any  of  the 
other  105  oils;  thus,  152  got  all  15  votes  and  it  is  chosen 
unanimously.  In  the  second  case,  162101,  the  first  and  fifth 
highest  correlations  are  with  samples  of  179,  the  second  and 
third  highest  with  samples  of  162,  and  the  fourth  highest 
with  169.  Thus,  16?  received  seven  votes  (4*3),  179  six 

votes  (5*1),  and  169  two  votes  for  fourth  place.  Aqain,  the 
correct  oil,  162,  was  chosen.  Out  of  the  21  test  cases,  16 
oils  were  correctly  identified,  4 were  tied  for  first,  and 
one  was  in  second  place.  If  "ties"  are  counted  as  correctly 
identified,  this  means  that  the  success  rate  is  >95*.  It 
should  be  pointed  out  that  many  of  the  oils  used  in  these 
tests  were  similar;  thus,  the  success  rate  is  very 
encouraging. 
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TABLE  XX.  Weighted  K-Nearest  Neighbor  (K=5)  Pattern  of  Correla- 
tion Coefficients  Obtained  by  Comparing  Unknown 
Spectra  with  all  Spectra  in  the  File. 


Unknown3 

No. 

Known  No . 

(votes) 

b 

Selection  of 
Unknown 

152312 

152(15) 

first 

162101 

162(7),  179(6), 

169(2) 

first 

169101 

169(12),  626(3) 

first 

171102 

171(7),  177(7), 

178(1) 

tie  for  first 

172332 

172(7),  178(5), 

171(3) 

first 

174313 

174(13) , 607(2) 

first 

177102 

177(9),  171(3), 

178(2) 

first 

178301 

178(5),  610(5), 

172(4)  , 

622(1) 

tie  for  first 

179103 

179  (5)  , 169  (5)  , 

162(3) , 

626(2) 

tie  for  first 

181333 

181(14),  152(1) 

first 

185301 

185(12),  620(3) 

first 

213413 

213(11) , 181(4) 

first 

605332 

605(15) 

first 

607103 

185(7) , 607(6) , 

620(2) 

second 

608101 

608(12),  607(3) 

first 

610303 

610(14),  178(1) 

first 

613101 

613(9),  178(3), 

171(2) 

f irst 

620442 

620(5),  185(5), 

607(4) , 

174(1) 

tie  for  first 

622452 

622(11),  610(3) 

, 613(1) 

first 

623302 

623(15) 

first 

626351 

626(9),  169(6) 

first 

athe  first  three  digits  in  the  Unknown  No.  correspond  to  the 
Known  No. 

bonly  Known  No.  are  given,  since  the  votes  for  weathered  samples 
of  the  same  known  are  summed;  total  votes  are  given  in  paren- 
theses . 
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V.  CONCLOSIONS 

The  spectral  advantage  of  infrared  as  a technique  in 
oil  spill  identification  occurs  because  all  components  of 
petroleum  absorb  in  the  infrared.  The  significance  of  this 
attribute  was  recognized  in  the  course  of  measuring  and 
analyzing  the  spectra  of  many  weathered  samples  of  petroleum 
(28).  To  illustrate  its  importance,  consider  the  following 
examples. 

The  spectra  of  a crude  oil  and  its  kerosene.  No.  2 
fuel,  and  residuum  fractions  are  shown  in  Figure  U9.  *ach 
fraction  has  its  own  distinctive  fingerprint,  and  the 
spectrum  of  the  crude  oil  is  essentially  the  sum  of  the  three 
fractions.  Tf  the  lower  boiling  components,  e.g.,  the 
kerosene  and  No.  2 fuel,  are  removed  from  the  crude  by 
distillation,  the  finqerprint  of  the  residuum  can  be  used  to 
identify  the  crude. 

Next,  let  us  consider  the  changes  in  the  spectra  as 
petroleum  weathers.  In  Figure  bO  the  spectrum  of  a crude  oil 
weathered  7 days  (b)  is  compared  with  the  spectrum  of  the 
unweathered  crude  (a) . Spectrum  (c)  is  the  difference 
spectrum  measured  with  the  weathered  oil  in  the  sample  beam 
and  the  unweathered  oil  in  the  reference  beam  of  a 
double-beam  spectrometer.  Components  that  increase  durinq 
weathering  are  indicated  by  bands  below  the  baseline,  whereas 
components  that  decrease  are  indicated  by  bands  above  the 
baseline.  The  stronq  band  at  1700  cm-1  indicates  an  increase 
in  carbonyl  compounds  during  weathering.  In  the  700  to  °00 
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Figure  49.  Infrared  spectra  of  a crude  oil  and  its  kerosene, 
No.  2 fuel  and  residuum  fractions. 


cm-1  region  we  see  that  components  causing  the  weak,  sharp 
bands  are  lost  during  weathering:  however,  the  stronger, 

broader  bands  remain  relatively  unchanged.  The  broad 
increase  between  1000  and  1400  cm-*  is  due  to  weathering,  but 
it.  is  not  directly  related  to  the  increase  in  the  carbonyl 
band.  It  appears  to  be  due  to  an  increase  in  heavy 
components  whose  relative  concentrations  increase  as  light 
components  are  lost  through  evaporation  an*  dissolution.  The 
broadness  of  this  band  most  probablv  reflects  the 
distribution  of  heavy  molecules  present  in  oil. 

The  spectra  of  an  unweathered  sample  (a)  and  of  a 7-day 
weathered  sample  (b)  of  a Ho.  6 fuel  are  shown  in  Figure  Si. 
Spectrum  (c)  is  the  difference  spectrum  for  this  oil.  The 
results  are  essentially  the  same  as  those  for  the  crude  oil. 
Oxidation  is  evident  from  the  carbonyl  band  at  1700  cm-1, 
there  is  a broad  absorption  between  1000  and  1400  cm-1,  and 
some  of  the  bands  below  900  cm-1  decrease  in  intensity. 

Our  results  on  weathering  100  oils  under  a variety  of 
conditions  indicate  that  the  greatest  change  in  the  spectra 
takes  place  during  the  early  period  of  weathering,  and  we 
have  substantial  evidence  to  show  that  these  changes  are  due 
to  evaporation  and  dissolution.18  ’’’he  high  boiling  and 
insoluble  components  remain  on  the  surface  of  water,  and 
these  can  be  used  for  identification. 

The  changes  in  spectra  for  a crude  oil  as  a function  ot 
weathering  time  are  shown  in  Figure  52,  where  an  unweathered 
oil  is  compared  to  weathered  samples  taken  at  2,  7,  and  14 
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#6  FUEL  OIL 


FREQUENCY,  CM"1 

Figure  51.  Infrared  spectrum  of  an  unweathered  and  weathered 
No.  6 fuel  oil,  and  the  difference  spectrum. 
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Weathered  2 days,  7 days,  14  days 


Figure  52.  Histogram  comparing  weathered  with  unweathered  and  weathered 
with  weathered  oils. 


days.  It  is  obvious  that  the  greatest  chanqe  takes  place 
during  the  first  2 days.  Using  the  ratio  method  to  compare 
the  2-day  sample  to  the  unweathered  sample,  we  find  only  8 of 
18  ratios  within  10*  of  the  average.  However,  if  we  ratio 


the 

spectrum  of 

the 

7-day 

sample 

■ with  that  of  the  2 

-da  y 

saaple. 

18  of  18 

rati 

os  a re 

within 

10*  of  the  average. 

For 

the 

1«- 

day  vs.  2- 

■day 

sample. 

17  of 

18  bands  are  within 

10*; 

the  plot  obtained  by  ratioing  the  14-day  with  the  2-day 
soectra  is  shown  on  the  bottom  of  figure  82.  Thus,  it  may  be 
difficult  to  match  the  spectrum  of  a weathered  sample  with  an 
unweathered  sample  since  light  components  are  lost  during 
weathering.  However,  since  infrared  is  sensitive  to  the 
heavier  components,  matching  the  spectra  of  two  weathered 
oils  works  very  well. 

In  the  case  of  a spill  where  several  tankers  are 
suspected,  the  spilled  oil  can  be  compared  directly  to  the 
unweathered  oils  from  the  tankers.  However,  the  tanker 
samples  can  be  artificially  weathered,  and  when  the  spill 
sample  is  compared  with  these,  the  "match"  with  the  correct 
source  will  he  excellent.  This  is  so  because  the  light 
components  can  be  removed  by  artificial  weathering  in  the 
same  manner  that  they  are  removed  by  natural  weathering.  For 
spill  samples  weathered  1 week  or  less,  we  found  that  the 
vaeuua  treatment  discussed  in  Sec.  TV-C-2  provides  excellent 
simulation  of  natural  weathering. 

ks  the  conclusion  to  this  report  we  demonstrate  the  use 
of  the  vacuum  treatment,  the  ratio  method  with  closeness  of 
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match,  and  the  method  of  correlation  coefficients  to  identify 
the  source  of  an  actual  spill.  In  this  case  the  data  bank 
consists  of  1^  crudes,  one  No.  2 fuel,  and  eleven  No.  5 and  6 


fuels.  The  spectrum  of  the  sample  from  the  actual  slick  is 
compared  with  each  of  these  oils  after  they  have  been 
vacuum-treated.  Both  the  probabilities  and  the  correlation 
coefficients  given  in  Table  TXT  indicate  that  the  sample  from 
the  slick  is  the  same  as  623  and  624.  Both  of  these  oils 
were  taken  from  the  tanker  resDonsible  for  the  spill;  thus, 
both  methods  of  computer  analysis  picked  the  correct  source 
of  the  spill. 

Finally,  it  should  be  emphasized  that  closeness  of 
match  obtained  by  the  ratio  method  are  for  one  oil  matching 
all  oils  in  the  world,  assuming  that  our  population  of 
unweathered  oils  is  representative.  In  actual  spill  cases 
there  are  usually  a limited  number  of  suspects,  so  that  the 
probability  of  identification  would  be  much  higher. 
Furthermore,  by  using  several  analytical  methods,  the 
probability  of  obtaining  the  correct  identification  should 
approach  1.0. 


TA3LE  XXI.  Example  of  Ratio  Method  with  Closeness  of  Match  for  an  Actual  Spill  Case. 

The  first  15  oils  are  crudes,  #417  is  a No.  2 fuel,  and  the  last  11  are 
no.  5 and  No.  6 fuels.  Samples  623  and  624  were  both  taken  from  the  tanker 
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607000 


Number  of  Bands  Within  Limits 

Ident  No.  5%  10%  25%  Probability  Cor.  Coef 


1 


to 

cn 

LO 

00 

to 

vO 

LO 

nO 

00 

LO 

no 

cn 

o> 

cn 

00 

00 

cn 

cn 

cn 

cn 

O 

o 

o 

o 

o 

o 

o 

o 

00 

o 

(VI 

NO 

00 

LO 

00 

cn 

co 

cn 

cn 

to 

LO 

LO 

to 

cn 

cn 

cn 

L o 

Cn 

LO 

to 

00 

cn 

cn 

cn 

O 

o 

o 

o 

o 

o 

o 

o 

rH  N CO  N h 

LOTj-^rsjooooo 

0«-H(vj^f0000 


nO 


oo  to  to 


o 

o 

o 

o 

O 

O 

o 

o 

o 

o 

o 

o 

O 

o 

o 

o 

o 

o 

o 

o 

O 

o 

o 

o 

(V| 

vO 

r^ 

oo 

(VJ 

to 

"3- 

NO 

f-H 

rH 

rH 

(V| 

(V| 

(V| 

(VJ 

o 

o 

O 

O 

O 

NO 

vO 

NO 

160 


REFERENCES 


1.  "Oil  Spill  Technology  Takes  A Big  Step  Forward", 
Chen.  Eng.  News,  51,  12  (1973). 

2.  B.  Blumer,  "Scientific  Aspects  of  the  Oil  Spill 

Problem",  Paper  presented  to  the  Conference  on 
Ocean  Oil  Spills,  Brussels,  November  2-6,  1970. 

3.  L.  Melamed , 0. S. N. T.  I.  S.  , AD  Pep.  1972,  No.  761971, 

67  pp. 

4.  B.  Freegarde,  C.  G.  Ratchard  and  C.  A.  Parker,  Lab 

Practice,  20,  35  (1971)  . 

5.  P . Horvath,  9.  L.  Morgan  and  R.  Spellicy,  N.T.I.S., 

Govt.  Rep.  Announce.  (O.S.)  73,  87  (1973). 

6.  V.  Eitko  and  W.  7.  Carson,  Fisheries  Res.  Board 

of  Canada,  Tech.  Report  No.  217,  1970. 

7.  H.  Heilman,  Deut.  Gewaesserk.  Bitt.,  13,  1°  (1969). 

8.  J.  0.  Brunnock,  D.  F.  Duckworth  and  G.  G.  Stephens, 

J.  Inst.  Petrol.,  54,  310  (1968). 

9.  E.  R.  Adlard,  J.  Inst.  Petrol.,  58,  63  (1972). 

10.  C.  9.  Brown,  P.  F.  Lynch  and  B.  Ahraadjian, 

App.  Spec.  Rev.,  9(2),  223  (1975). 

11.  A.  P.  Bentz,  Anal.  Them.,  48,  455  (1976). 

12.  R.  D.  Cole,  J.  Inst,  of  Petrol.,  54,  288  (1968). 

13.  P.  F.  Lynch  and  C.  9.  Brown,  Environ.  Sci.  Tech., 

7,  1123  (1973). 

14.  C.  9.  Brown,  P.  F.  Lynch  and  B.  Ahmad-jian,  Environ. 

Sci.  Tech.,  8,  669  (1974). 


161 


15. 

16. 

17. 

18. 

19. 

20. 
21. 

22. 

23. 

24. 
2 5. 
26. 

27. 

28. 


A.  P.  Ben*-?,  private  communication . 

J.  S.  Hattson,  Anal.  Chen.,  43,  1872  (1971). 

P.  K.  Rawahara,  Environ.  Sci.  Tech.,  3,  150  (1969). 

P.  K.  Kawahara,  J.  P.  Santner  and  P.  C.  Julian, 

Anal.  Them.,  46,  266  (1974). 

P.  K . Kawahara  and  Y . Y.  Yang,  Anal.  Chen.,  48,  350 
(1976)  . 

F.  K.  Kawahara,  J.  Chromatoqr.  Sci.,  10,  629  (1972). 

H.  Ahmadjian,  C.  D.  Baer,  C.  ».  Brown,  V.  H.  Westervelt, 
D . P.  Grant  and  A.  Bentz,  Anal.  Chem.,  48,  629  (1976). 
H.  Ahmadjian,  C.  D.  Baer,  P.  F.  Lynch  and  C.  W.  Brown, 
Environ.  Sci.  Tech.  July,  1976. 

P.  P.  Lynch,  S.  Y.  Tang  and  C.  W.  Brown,  Anal.  Chen., 

47,  1696  (1975) . 


P.  F.  Lynch  and  C.  W.  Brown,  Anal.  Chem.,  48,  191 
(1976)  . 

C.  w . Brown,  P.  P.  Lynch  and  n.  Ahmadjian,  Anal.  Chem., 
submitted  for  publication. 

W.  C.  Hamilton,  "Statistics  in  Physical  Science," 

Ronald  Press  Co.,  Hew  York  (1964). 

J.  S.  Hattson,  H.  J.  Spencer  and  S.  Starks,  Anal. 

Chen. , submitted  for  publication. 

C.  H.  Brown,  P.  P.  Lynch,  H . Ahmadjian  and  C.  D. 

Baer,  Aner.  Lab.,  59,  Dec.  (1975). 


162 


APPENDIX  I.  INFORMATIONAL  DATA  ON  UNWEATHERED  AND  WEATHERED  OIL 


Legend: 

Unweathered  Oil  Identification  Numbers  - 3 digits. 
The  first  digit  indicates  the  type  of  oil, 
1^2=  crudes 

3 = kerosene 

4 = No.  2 and  No.  4 fuel  oils 

6 = No.  6 fuel  oil 

7 = diesel 

8 = lubricating  oil 


Weathered  Oil  Identification  Numbers  - 6 digits. 

The  first  three  are  the  same  as  those  of  the  known 
(unweathered)  oil 

4th  digit  - weathering  location 

1 = Narragansett  Bay 

2 = Roof  of  laboratory 

3 = In- laboratory 

4 = Aquarium 

5th  digit  - used  to  distinguish  the  same  oil 
weathered  repeatedly 
6th  digit  - length  of  weathering  time 

1 = shortest  length  of  time  (generally  48  hrs) 

2 = second  sample  (generally  168  hrs) 

3 = third  sample  (generally  336  hrs) 


Cloud  Cover  1-5 
1 
2 

3 

4 

5 


for  outside  weathering 
= rain 
= cloudy 
= partly  cloudy 
= partly  sunny 
= sunny 


(average  conditions) 


0 for  laboratory  - refers  to  total  illumination, 
no  illumination,  or  12  hr/day  illumination. 

These  three  conditions  can  be  determined  from 
the  Lab  Conditions 

6-24  number  of  hours  of  illumination  in  the  labora- 
tory per  day 


Lab  Conditions 

1 

= 

f res 

9 

u 

= 

salt 

3 

= 

arti 

4 

= 

cont 

5 

= 

inte 

6 

= 

aera 

h water 
water 

ficial  wind 
inuous  illumination 
rmittent  illumination 
t ion 


AI-1 


TABLE  AI-I. 

INFORMATIONAL 

DATA  ON  UNWEATHERED  AND 

WEATHERED  OILS 

KNOWN  TYPE 

COMPANY 

ORIGIN 

DATE  RECEIVED 

101 

CRUDE 

1 

ROCKY  MT.  U.S.A. 

12/72 

102 

CRUDE 

1 

MID  EAST  (IRAN) 

12/72 

103 

CRUDE 

1 

ES  SIDER, N.  AFRICA 

12/72 

104 

CRUDE 

1 

MID  EAST  (ARABIA) 

12/72 

105 

CRUDE 

1 

MATAr  SOUTH  AMERICA 

12/72 

106 

CRUDE 

1 

ORITOr  SOUTH  AMERICA 

12/72 

107 

CRUDE 

1 

SIRTICA,  NORTH  AFRICA 

12/72 

108 

CRUDE 

1 

AMNA,  NORTH  AFRICA 

12/72 

109 

CRUDE 

1 

ROCKY  MT.  U.S.A. 

12/72 

110 

CRUDE 

2 

ZAIRE,  AFRICA 

1/73 

111 

CRUDE 

2 

AGHA  JAR I 

1/73 

112 

CRUDE 

2 

CABINDA 

1/73 

113 

CRUDE 

2 

MYSTERY 

1/73 

114 

CRUDE 

2 

NIGERIA 

1/73 

115 

CRUDE 

2 

KUWAIT 

1/73 

116 

CRUDE 

2 

DELTA,  U.S.A. 

1/73 

117 

CRUDE 

2 

JAY  SMACKOVER 

1/73 

118 

CRUDE 

3 

ALBERTA,  CANADA 

9/73 

119 

CRUDE 

3 

HEIDELBURG , MISSISSIPPI 

9/73 

120 

CRUDE 

3 

BELL  CREEK,  MONTANA 

9/73 

122 

CRUDE 

3 

WILMINGTON,  CALIFORNIA 

9/73 

123 

CRUDE 

3 

RED  WASH,  UTAH 

9/73 

124 

CRUDE 

3 

KATELLA,  ALASKA 

9/73 

125 

CRUDE 

3 

GACH  SARAN,  IRAN 

9/73 

126 

CRUDE 

3 

RECLUSE,  WYOMING 

9/73 

127 

CRUDE 

4 

RED  WASH,  UTAH 

9/73 

128 

CRUDE 

4 

RECLUSE,  WYOMING 

9/73 

129 

CRUDE 

4 

ALBERTA,  CANADA 

9/73 

130 

CRUDE 

4 

WASSON,  TEXAS 

9/73 

131 

CRUDE 

4 

PRUDHOE  BAY,  ALASKA 

9/73 

132 

CRUDE 

4 

WILMINGTON,  CALIFORNIA 

9/73 

133 

CRUDE 

4 

GACH  SARAN,  IRAN 

9/73 

134 

CRUDE 

5 

LOUISANNA 

3/74 

UNKNOWN  WEATHER 

SAMPLE  TEMP  WIND 

CLOUD  LAB 

TIME  HRS 

DATE 

AIR  H20  KPH 

COVER  COND 

134331 

48 

7/17/75  26  22  0 

0 2,5,6 

134332 

168 

7/22/75  26  22  0 

0 2,5,6 

134333 

336 

7/29/75  26  22  0 

0 2,5,6 

134491 

48 

7/11/75  25  22  10 

4 0,0,0 

134492 

168 

7/16/75  28  24  8 

5 0,0,0 

KNOWN 

TYPE 

COMPANY 

ORIGIN 

DATE  RECEIVED 

135 

CRUDE 

1 

NORTH 

AFRICA 

(ES  SIDER) 

10/73 

136 

CRUDE 

1 

NORTH 

AFRICA 

(SIRTICA) 

12/73 

138 

CRUDE 

1 

NORTH 

AFRICA 

(ES  SIDER) 

10/73 

140 

CRUDE 

1 

NORTH 

AFRICA 

( AMNA ) 

10/73 

AI-2 


TABLE  AI-I 


INFORMATIONAL  DATA  ON  UNWEATHERED  AND  WEATHERED  OILS 


KNOWN 

TYPE 

COMPANY 

ORIGIN 

DATE  RECEIVED 

141  CRUDE 

1 

NORTH  AFRICA  (AMNA) 

10/73 

142  CRUDE 

1 

ARABIA 

10/73 

147  CRUDE 

1 

NORTH  AFRICA  (AMNA) 

10/73 

148  CRUDE 

1 

NORTH  AFRICA  (SIRTICA) 

10/73 

150  CRUDE 

1 

NORTH  AFRICA  (AMNA) 

12/73 

UNKNOWN 

WEATHER 

SAMPLE 

TEMP 

WIND 

CLOUD 

LAB 

TIME  HRS 

DATE 

AIR 

H20 

KPH 

COVER 

COND 

150101 

48 

5/10/74 

10 

13 

13 

4 

0,0,0 

150102 

168 

5/15/74 

12 

13 

16 

4 

0,0,0 

150103 

336 

5/22/74 

17 

14 

13 

4 

0,0,0 

150201 

48 

5/10/74 

15 

10 

6 

4 

0,0,0 

150202 

168 

5/15/74 

16 

15 

5 

4 

0,0,0 

150203 

336 

5/22/74 

20 

18 

5 

4 

0,0,0 

150341 

48 

8/14/75 

26 

22 

0 

0 

2,5,6 

150342 

168 

8/19/75 

25 

23 

0 

0 

2,5,6 

150343 

336 

8/26/75 

23 

22 

0 

0 

2,5,6 

150391 

48 

5/21/75 

20 

18 

0 

0 

2,5,0 

150392 

168 

5/26/75 

21 

19 

0 

0 

2,5,0 

150393 

336 

6/  3/75 

23 

20 

0 

0 

2,5,0 

KNOWN 

TYPE 

COMPANY 

ORIGIN 

DATE  RECEIVED 

151  CRUDE 

1 

NORTH  AFRICCA(AMNA) 

10/73 

152  CRUDE 

1 

NORTH  AFRICA  (SIRTICA) 

12/73 

UNKNOWN 

WEATHER 

SAMPLE 

TEMP 

WIND 

CLOUD 

LAB 

TIME  HRS 

DATE 

AIR 

H20 

KPH 

COVER 

COND 

152101 

48 

6/20/74 

26 

20 

13 

3 

0,0,0 

152103 

336 

7/24/74 

26 

22 

13 

3 

0,0,0 

152104 

774 

7/12/74 

27 

21 

14 

3 

0,0,0 

152105 

894 

7/17/74 

27 

21 

12 

3 

0,0,0 

152106 

1062 

7/24/74 

26 

22 

13 

3 

0,0,0 

152202 

168 

6/25/74 

25 

26 

4 

3 

0,0,0 

152203 

336 

7/  2/74 

23 

24 

4 

3 

0,0,0 

152204 

774 

7/12/74 

25 

24 

6 

3 

0,0,0 

152311 

48 

7/31/74 

23 

19 

0 

8 

2,5,0 

152312 

168 

8/  4/74 

21 

21 

0 

22 

2,5,0 

152313 

336 

8/12/74 

23 

20 

0 

17 

2,5,0 

152321 

48 

8/23/74 

27 

21 

0 

24 

2,5,0 

152322 

168 

8/28/74 

26 

21 

0 

20 

2,5,0 

152323 

336 

9/  4/74 

24 

21 

0 

28 

2,5,0 

152324 

816 

9/26/74 

19 

15 

0 

13 

2,5,0 

152325 

936 

10/  1/74 

19 

15 

0 

13 

2,5,0 

152326 

1104 

10/  8/74 

19 

15 

0 

13 

2,5,0 

KNOWN 

TYPE 

COMPANY 

ORIGIN 

DATE  RECEIVED 

153  CRUDE 

6 

KUWAIT 

0/  0 

AI-3 


TABLE  AI-I 


INFORMATIONAL  DATA  ON  UNWEATHERED  AND  WEATHERED  OILS 


UNKNOWN 

WEATHER 

SAMPLE 

TEMP 

WIND 

CLOUD 

LAB 

TIME  HRS 

DATE 

AIR 

H20 

KPH 

COVER 

COND 

153391 

48 

5/21/75 

20 

18 

0 

0 

2»5»0 

153392 

168 

5/26/75 

21 

19 

0 

0 

2»5r0 

153393 

336 

6/  3/75 

23 

20 

0 

0 

2 » 5 » 0 

KNOWN 

TYPE  COMPANY 

ORIGIN 

DATE 

RECEIVED 

154  CRUDE 

6 

SOUTH  LOUISANNA 

0/  0 

155  CRUDE 

7 

GULF  COAST 

1/73 

156  CRUDE 

7 

E. 

TEXAS 

: 2 W.  LOUISANNA 

1/73 

157  CRUDE 

8 

LAGOMEDIO 

4/74 

UNKNOWN 

WEATHER 

SAMPLE 

TEMP 

WIND 

CLOUD 

LAB 

TIME  HRS 

DATE 

AIR 

H20 

KPH 

COVER 

COND 

157201 

48 

4/20/74 

12 

12 

4 

4 

0 » 0 » 0 

157203 

336 

5/  5/74 

18 

14 

4 

3 

OfOfO 

157331 

48 

7/17/75 

26 

22 

0 

0 

2,5,6 

157332 

168 

7/22/75 

26 

22 

0 

0 

2f  5f  6 

157333 

336 

7/29/75 

26 

22 

0 

0 

2f  5»6 

KNOWN 

TYPE  COMPANY 

ORIGIN 

DATE 

RECEIVED 

158  CRUDE 

8 

WEST  TEXAS 

4/74 

UNKNOWN 

WEATHER 

SAMPLE 

TEMP 

WIND 

CLOUD 

LAB 

TIME  HRS 

DATE 

AIR 

H20 

KPH 

COVER 

COND 

158101 

48 

4/20/74 

17 

10 

14 

4 

0,0,0 

158102 

168 

4/25/74 

16 

10 

15 

2 

OfOtO 

158202 

168 

4/25/74 

14 

14 

4 

2 

0,0,0 

158203 

336 

5/  5/74 

18 

14 

4 

3 

0,0,0 

158321 

48 

7/  3/75 

26 

22 

0 

0 

2,5,6 

158322 

168 

7/  8/75 

25 

21 

0 

0 

2,5,6 

158323 

336 

7/15/75 

25 

21 

0 

0 

2,5,6 

KNOWN 

TYPE  COMPANY 

ORIGIN 

DATE 

RECEIVED 

159  CRUDE 

9 

LOUISANNA 

4/74 

UNKNOWN 

WEATHER 

SAMPLE 

TEMP 

WIND 

CLOUD 

LAB 

TIME  HRS 

DATE 

AIR 

H20 

KPH 

COVER 

COND 

159381 

48 

4/18/75 

23 

21 

0 

0 

2,5,6 

159382 

168 

4/23/75 

22 

20 

0 

0 

2,5,6 

159383 

336 

4/30/75 

22 

21 

0 

0 

2,5,6 

159411 

48 

8/  7/75 

26 

23 

15 

1 

0,0,0 

159412 

168 

8/12/75 

30 

26 

8 

5 

0,0,0 

159413 

336 

8/19/75 

32 

30 

8 

5 

0,0,0 

KNOWN 

TYPE  COMPANY 

ORIGIN 

DATE 

RECEIVED 

160  CRUDE 

9 

LOUISANNA 

4/74 

UNKNOWN 

WEATHER 

SAMPLE 

TEMP 

WIND 

CLOUD 

LAB 

TIME  HRS 

DATE 

AIR 

H20 

KPH 

COVER 

COND 

160101 

48 

4/20/74 

17 

10 

14 

4 

0 » 0 » 0 

160102 

168 

4/25/74 

16 

10 

15 

2 

0»0>0 

I 


AI-4 


TABLE  AI-I.  INFORMATIONAL  DATA  ON  UNWEATHERED  AND  WEATHERED  OILS 


UNKNOWN 

WEATHER 

SAMPLE 

TEMP 

WIND 

CLOUD 

LAB 

TIME  HRS 

DATE 

AIR 

H20 

KPH 

COVER 

COND 

160202 

168 

4/25/74 

14 

14 

4 

2 

0,0,0 

160203 

336 

5/  5/74 

18 

14 

4 

3 

0,0,0 

160321 

48 

7/  3/75 

26 

O'? 

0 

0 

2,5,6 

160322 

168 

7/  8/75 

25 

21 

0 

0 

2,5,6 

160323 

336 

7/15/75 

25 

21 

0 

0 

2,5,6 

KNOWN 

TYPE  COMPANY 

ORIGIN 

DATE 

RECEIVED 

161  CRUDE 

10  ALASKA 

4/74 

UNKNOWN 

WEATHER 

SAMPLE 

TEMP 

WIND 

CLOUD 

LAB 

TIME  HRS 

DATE 

AIR 

H20 

KPH 

COVER 

COND 

161101 

48 

4/20/74 

17 

10 

14 

4 

0,0,0 

161102 

168 

4/25/74 

16 

10 

15 

o 

0,0,0 

161104 

480 

5/  9/74 

10 

13 

13 

4 

0,0,0 

161105 

816 

5/21/74 

17 

14 

13 

4 

0,0,0 

161107 

1008 

6/  1/74 

17 

16 

10 

3 

0,0,0 

16110? 

1128 

6/  6/74 

19 

17 

12 

4 

0,0,0 

161201 

48 

4/20/74 

12 

12 

4 

4 

0,0,0 

161202 

168 

4/25/74 

14 

14 

4 

n 

0,0,0 

161203 

336 

5/  5/74 

18 

14 

4 

3 

0,0,0 

161204 

480 

5/10/74 

15 

10 

6 

4 

0,0,0 

161208 

1128 

6/  6/74 

23 

OO 

5 

4 

0,0,0 

161209 

1296 

6/13/74 

23 

26 

5 

3 

0,0,0 

161331 

48 

7/17/75 

26 

22 

0 

0 

2,5,6 

161332 

168 

7/22/75 

26 

22 

0 

0 

2,5,6 

161333 

336 

7/29/75 

26 

no 

0 

0 

2,5,6 

KNOWN  TYPE  COMPANY  ORIGIN  DATE  RECEIVED 

162  CRUDE  10  VENICE  , LOUISANNA  4/74 


UNKNOWN 

WEATHER 

SAMPLE 

TEMP 

WIND 

CLOUD 

LAB 

TIME  HRS 

DATE 

AIR 

H20 

KPH 

COVER 

COND 

162101 

48 

8/  1/74 

24 

24 

10 

4 

0,0,0 

162102 

168 

8/  6/74 

26 

23 

12 

4 

0,0,0 

162201 

48 

8/  1/74 

29 

25 

5 

3 

0,0,0 

162202 

168 

8/  6/74 

29 

27 

6 

3 

0,0,0 

162203 

336 

8/13/74 

27 

26 

4 

4 

0,0,0 

162301 

48 

8/23/74 

27 

21 

0 

24 

2,5,0 

162302 

168 

8/28/74 

26 

21 

0 

20 

2,5,0 

162303 

336 

9/  4/74 

25 

21 

0 

28 

2,5,0 

KNOWN  TYPE 

163  CRUDE 


COMPANY 

10 


ORIGIN 


NIGERIA 


DATE  RECEIVED 
4/74 


UNKNOWN 

WEATHER 

SAMPLE 

TEMP 

WIND 

CLOUD 

LAB 

TIME  HRS 

DATE 

AIR- 

H20 

KPH 

COVER 

COND 

163101 

48 

4/20/74 

10 

17 

14 

4 

0,0,0 

163102 

168 

4/25/16 

10 

15 

20 

0 

0,0,0 

163201 

48 

4/20/74 

12 

12 

4 

4 

0,0,0 

AI-5 


TABLE  AI-I.  INFORMATIONAL  DATA  ON  UNWEATHERED  AND  WEATHERED  OILS 


UNKNOWN 

WEATHER 

SAMPLE 

TEMP 

WIND 

CLOUD 

LAB 

TIME  HRS 

DATE 

AIR 

H20 

KPH 

COVER 

COND 

163202 

168 

4/25/74 

14 

14 

4 

n 

OfOfO 

163203 

336 

5/  5/74 

18 

14 

4 

3 

OfOfO 

163331 

48 

7/17/75 

26 

22 

0 

0 

2 f 5 f 6 

163332 

168 

7/22/75 

26 

22 

0 

0 

2 f 5 1 6 

163333 

336 

7/29/75 

26 

22 

0 

0 

2 f 5 r 6 

KNOWN 

TYPE 

COMPANY 

ORIGIN 

DATE  RECEIVED 

164 

CRUDE 

10 

ZAKUM 

4/74 

165 

CRUDE 

10 

ARABIA 

4/74 

166 

CRUDE 

10 

IRAN 

4/74 

167 

CRUDE 

11 

ARABIA 

4/74 

168 

CRUDE 

11 

GULF  OF  MEXICO 

4/74 

UNKNOWN 

WEATHER 

SAMPLE 

TEMP 

WIND 

CLOUD 

LAB 

TIME  HRS 

DATE 

AIR 

H20 

KPH 

COVER 

COND 

168101 

48 

6/20/74 

26 

20 

13 

3 

OfOfO 

168201 

48 

6/20/74 

26 

25 

5 

3 

OfOfO 

168202 

168 

6/25/74 

25 

26 

4 

3 

OfOfO 

168331 

48 

7/17/75 

26 

22 

0 

0 

2 f 5 f 6 

168332 

168 

7/22/75 

26 

22 

0 

0 

2 f 5 f 6 

168333 

336 

7/29/75 

26 

nn 

0 

0 

2 f 5 f 6 

KNOWN  TYPE  COMPANY  ORIGIN  DATE  RECEIVED 


169  CRUDE  11  LAGOMEDIO  f VENEZUALA  4/74 


UNKNOWN 

WEATHER 

SAMPLE 

TEMP 

WIND 

CLOUD 

LAB 

TIME  HRS 

DATE 

AIR 

H20 

KPH 

COVER 

COND 

169101 

48 

7/12/74 

27 

21 

14 

3 

OfOfO 

169102 

168 

7/17/74 

27 

21 

12 

3 

OfOfO 

169103 

336 

7/24/74 

26 

13 

3 

OfOfO 

169201 

48 

7/12/74 

25 

24 

6 

3 

OfOfO 

169203 

336 

7/24/74 

26 

28 

3 

3 

OfOfO 

169301 

48 

7/31/74 

23 

19 

0 

8 

2f  5 f 0 

169302 

168 

8/  4/74 

21 

21 

0 

22 

2 f 5 f 0 

169303 

336 

8/12/74 

23 

20 

0 

17 

2 f 5 f 0 

KNOWN 

TYPE  COMPANY 

ORIGIN 

DATE 

RECEIVED 

170  CRUDE  11  VENEZUALA  4/74 


UNKNOWN 

WEATHER- 

SAMPLE 

TEMP 

WIND 

CLOUD 

LAB 

TIME  HRS 

DATE 

AIR 

H20 

KPH 

COVER 

COND 

170201 

48 

7/12/74 

25 

24 

6 

3 

OfOfO 

170203 

336 

7/24/74 

26 

28 

3 

3 

OfOfO 

170301 

48 

7/31/74 

23 

19 

0 

8 

2 f 5 f 0 

170302 

168 

8/  4/74 

21 

21 

0 

22 

2 f 5 f 0 

170303 

336 

8/12/74 

23 

20 

0 

17 

2f5f0 

170481 

48 

6/20/75 

29 

23 

11 

5 

OfOfO 

170482 

168 

6/25/75 

29 

25 

12 

5 

OfOfO 

170483 

336 

7/  2/75 

29 

25 

4 

5 

OfOfO 

AI-6 


E 


TABLE  AI-I ♦ INFORMATIONAL  DATA  ON  UNWEATHERED  AND  WEATHERED  OILS 


KNOWN 

TYPE  COMPANY 

ORIGIN 

DATE 

RECEIVED 

171  CRUDE 

11  ECUADOR 

& 

ORIENTE  MIX 

4/74 

UNKNOWN 

WEATHER- 

SAMPLE 

TEMP 

WIND 

CLOUD 

LAB 

TIME  HRS 

DATE 

AIR 

H20 

KPH 

COVER 

COND 

171101 

48 

8/  1/74 

24 

24 

10 

4 

OfOf  0 

171102 

168 

8/  6/74 

26 

23 

12 

4 

Of  Of  0 

171103 

336 

8/13/74 

26 

23 

11 

4 

Of  Of  0 

171201 

48 

8/  1/74 

29 

25 

5 

3 

Of  Of  0 

171202 

168 

8/  6/74 

29 

27 

6 

3 

0 » 0 f 0 

171203 

336 

8/13/74 

27 

26 

4 

4 

0 f 0 f 0 

171301 

48 

8/23/74 

27 

21 

0 

24 

2 f 5 > 0 

171302 

168 

8/28/74 

26 

21 

0 

20 

2*5*0 

171303 

336 

9/  4/74 

24 

21 

0 

28 

2*5*0 

KNOWN 

TYPE  COMPANY 

ORIGIN 

DATE 

RECEIVED 

172  CRUDE 

11  VENEZUALA 

4/74 

UNKNOWN 

WEATHER 

SAMPLE 

TEMP 

WIND 

CLOUD 

LAB 

TIME  HRS 

DATE 

AIR 

H20 

KPH 

COVER 

COND 

172101 

48 

6/  1/74 

17 

16 

10 

3 

Of  0*0 

172102 

168 

6/  6/74 

19 

17 

12 

4 

0*0*  0 

172103 

336 

6/13/74 

22 

17 

12 

3 

OfOfO 

172201 

48 

6/  1/74 

20 

18 

4 

3 

0*  0*  0 

172202 

168 

6/  6/74 

23 

22 

5 

4 

0*0*0 

172203 

336 

6/13/74 

23 

26 

5 

3 

0*0*0 

172311 

48 

9/26/74 

19 

15 

0 

13 

2 * 5 * 0 

172312 

168 

10/  1/74 

19 

15 

0 

13 

2*  5*0 

172313 

336 

10/  8/74 

19 

15 

0 

13 

2 f 5 * 0 

172321 

48 

12/17/74 

23 

17 

5 

12 

2*  3*  5 

172322 

168 

12/22/74 

23 

17 

5 

12 

2 f 3 * 5 

172331 

48 

1/22/75 

17 

12 

0 

24 

2 f 5 * 0 

172332 

168 

1/27/75 

18 

12 

0 

24 

2*  5*  0 

172333 

336 

2/  3/75 

18 

12 

0 

13 

2*5*  0 

KNOWN 

TYPE  COMPANY 

ORIGIN 

DATE 

RECEIVED 

173  CRUDE 

11  OFF 

-SHORE 

, NIGERIA 

4/74 

l 74  CRUDE 

11  OFF 

-SHORE 

CALIF 

. VENTURA 

4/74 

UNKNOWN 

WEATHER- 

SAMPLE 

TEMP 

WIND 

CLOUD 

LAB 

TIME  HRS 

DATE 

AIR 

H20 

KPH 

COVER 

COND 

174101 

48 

6/  1/74 

• 17 

16 

10 

3 

0*0*0 

174102 

168 

6/  6/74 

19 

17 

12 

4 

Of  Of  0 

174103 

336 

6/13/74 

22 

17 

12 

3 

0*0*0 

174201 

48 

6/  1/74 

20 

18 

4 

3 

0*0*0 

174202 

168 

6/  6/74 

23 

22 

5 

4 

0*0*0 

174203 

336 

6/13/74 

23 

26 

5 

3 

0*0*0 

174311 

48 

9/26/74 

19 

15 

0 

13 

2 » 5 » 0 

174312 

168 

10/  1/74 

19 

15 

0 

13 

2 f 5 * 0 

174313 

336 

10/  8/74 

19 

15 

0 

13 

2f  5 * 0 

AL-7 


TABLE  AI-I.  INFORMATIONAL  DATA  ON  UNWEATHERED  AND  WEATHERED  OILS 


UNKNOWN 

WEATHER 

SAMPLE 

TEMP 

WIND 

CLOUD 

LAB 

TIME  HRS 

DATE 

AIR 

H20 

KPH 

COVER- 

COND 

174321 

48 

12/17/74 

23 

17 

5 

12 

2f  3f  5 

174322 

168 

12/22/74 

23 

17 

5 

12 

2f  3f  5 

KNOWN 

TYPE  COMPANY 

ORIGIN 

DATE 

RECEIVED 

175  CRUDE 

2 ECUADOR 

1/73 

176  CRUDE 

2 MEREY 

4/74 

UNKNOWN 

WEATHER 

SAMPLE 

TEMP 

WIND 

CLOUD 

LAB 

TIME  HRS 

DATE 

AIR 

H20 

KPH 

COVER 

COND 

176101 

48 

5/10/74 

10 

13 

13 

4 

OrOfO 

176103 

336 

5/22/74 

17 

14 

15 

4 

OfOf  0 

176201 

48 

5/10/74 

15 

10 

6 

4 

Of  OfO 

176203 

336 

5/22/74 

20 

18 

5 

4 

Of  Of  0 

176321 

48 

7/  3/75 

26 

22 

0 

0 

2 f 5 f 6 

176322 

168 

7/  8/75 

25 

21 

0 

0 

2 f 5 f 6 

176323 

336 

7/15/75 

25 

21 

0 

0 

2 f 5 f 6 

KNOWN 

TYPE  COMPANY 

ORIGIN 

DATE 

RECEIVED 

177  CRUDE 

2 ECUADOR 

4/74 

UNKNOWN 

WEATHER 

SAMPLE 

TEMP 

WIND 

CLOUD 

LAB 

TIME  HRS 

DATE 

AIR- 

H20 

KPH 

COVER 

COND 

177101 

48 

6/  1/74 

17 

16 

10 

3 

OfOfO 

177102 

168 

6/  6/74 

19 

16 

12 

4 

OfOfO 

177103 

336 

6/13/74 

22 

17 

12 

3 

OfOfO 

177201 

48 

6/  1/74 

20 

18 

4 

3 

OfOfO 

177202 

168 

6/  6/74 

23 

22 

5 

4 

OfOfO 

177203 

336 

6/13/74 

23 

26 

5 

3 

OfOfO 

177311 

48 

8/23/74 

27 

21 

0 

24 

2 f 5 f 0 

177312 

168 

8/28/74 

26 

21 

0 

20 

2 f 5 f 0 

177313 

336 

9/  4/74 

24 

21 

0 

28 

2 f 5 f 0 

177321 

48 

12/17/74 

23 

17 

5 

12 

2f  3f  5 

177322 

168 

12/22/74 

23 

17 

5 

12 

2 f 3 f 5 

177331 

48 

1/22/75 

17 

12 

0 

24 

2 f 5 f 0 

177332 

168 

1/27/75 

18 

12 

0 

24 

2 f 5 f 0 

177333 

336 

2/  3/75 

18 

12 

0 

13 

2 f 5 f 0 

KNOWN 

TYPE  COMPANY 

ORIGIN 

DATE 

RECEIVED 

178  CRUDE 

2 MESA 

if  E « 

VENEZUALA 

4/74 

UNKNOWN 

WEATHER 

SAMPLE 

TEMP 

WIND 

CLOUD 

LAB 

TIME  HRS 

DATE 

AIR 

H20 

KPH 

COVER 

COND 

178101 

48 

7/12/74 

27 

21 

14 

3 

OfOfO 

178102 

168 

7/17/74 

27 

21 

12 

3 

OfOfO 

178103 

336 

7/24/74 

26 

22 

13 

3 

OfOfO 

178201 

48 

7/12/74 

25 

24 

6 

3 

OfOfO 

178202 

168 

7/17/74 

28 

28 

4 

3 

OfOfO 

178203 

336 

7/24/74 

26 

28 

3 

3 

OfOfO 

178301 

48 

7/31/74 

23 

19 

0 

8 

2 f 5 f 0 

AI-8 


TABLE  AI-I.  INFORMATIONAL  DATA  ON  UNWEATHERED  AND  WEATHERED  OILS 


UNKNOWN 

WEATHER 

SAMPLE 

TEMP 

WIND 

CLOUD 

LAD 

TIME  HRS 

DATE 

AIR 

H20 

KPH 

COVER 

COND 

178302 

168 

8/  4/74 

21 

21 

0 

77 

<£. 

2*5*0 

178303 

336 

8/12/74 

23 

20 

0 

17 

2*5*0 

KNOWN  TYPE  COMPANY 

179  CRUDE  2 CABINDA* 

ORIGIN 

OFF-SHORE*  AFRI 

DATE 

RECEIVED 

4/74 

UNKNOWN 

WEATHER 

SAMPLE 

TEMP 

WIND 

CLOUD 

LAP 

TIME  HRS 

DATE 

AIR- 

H20 

KPH 

COVER 

COND 

179101 

48 

7/12/74 

27 

21 

14 

3 

0*0*0 

179102 

168 

7/17/74 

27 

21 

12 

3 

0*0*0 

179103 

336 

7/24/74 

26 

22 

13 

3 

0*0*0 

179201 

48 

7/12/74 

25 

24 

6 

3 

0*0*0 

179202 

168 

7/17/74 

28 

28 

4 

3 

0*0*0 

179203 

336 

7/24/74 

26 

28 

3 

3 

0*0*0 

179301 

48 

7/31/74 

23 

19 

0 

8 

2*5*0 

179302 

168 

8/  4/74 

21 

21 

0 

22 

2*5*0 

179303 

336 

8/12/74 

23 

20 

0 

17 

2*5*0 

KNOWN  TYPE  COMPANY  ORIGIN 

180  CRUDE  2 MIXED  OFF-ONSHORE*  CALIF 

DATE 

RECEIVED 

4/74 

UNKNOWN 

WEATHER 

SAMPLE 

TEMP 

WIND 

CLOUD 

LAB 

TIME  HRS 

DATE 

AIR- 

H20 

KPH 

COVER 

COND 

180101 

48 

5/10/74 

10 

13 

13 

4 

0*0,0 

180103 

336 

5/22/74 

17 

14 

15 

4 

0,0*0 

180331 

48 

7/17/75 

26 

■yn 

0 

0 

2*5,6 

180332 

168 

7/22/75 

26 

T) 
)£-  «L 

0 

0 

2*5*6 

180333 

336 

7/29/75 

26 

22 

0 

0 

2*5*6 

KNOWN  TYPE  COMPANY 

181  CRUDE  2 OFF 

ORIGIN 

-SHORE  * ZAIRE 

DATE 

RECEIVED 

4/74 

UNKNOWN 

WEATHER 

SAMPLE 

TEMP 

WIND 

CLOUD 

LAB 

TIME  HRS 

DATE 

AIR- 

H20 

KPH 

COVER 

COND 

181101 

48 

6/  1/74 

17 

16 

10 

3 

0*0*0 

181102 

168 

6/  6/74 

20 

17 

12 

4 

0*0*0 

181103 

336 

6/13/74 

22 

17 

12 

3 

0*0.0 

181201 

48 

6/  1/74 

20 

18 

4 

3 

0*0*0 

181202 

168 

6/  6/74 

23 

”72 

5 

4 

0*0*0 

181203 

336 

6/13/74 

23 

26 

5 

3 

0*0*0 

181311 

48 

9/26/74 

19 

15 

0 

13 

2*5*0 

181312 

168 

10/  1/74 

19 

15 

0 

13 

2*5*0 

181313 

336 

10/  8/74 

19 

15 

0 

13 

2*5*0 

181321 

48 

12/17/74 

23 

17 

5 

12 

2*3*5 

181322 

168 

12/22/74 

23 

17 

5 

12 

2*3*5 

181331 

48 

1/22/75 

17 

12 

0 

24 

2*5*0 

181332 

168 

1/27/75 

18 

12 

0 

24 

2*5.0 

181333 

336 

2/  3/75 

18 

12 

0 

13 

2*5,0 

AI-9 


r 


TABLE 

AI-I. 

INFORMATIONAL 

DATA  ON  UNWEATHERED 

AND  WEATHERED  OILS 

KNOWN 

TYPE 

COMPANY 

ORIGIN 

DATE  RECEIVED 

182 

CRUDE 

1 

EAST  AFRICA 

12/72 

183 

CRUDE 

1 

BACHQUERO 

5/74 

184 

CRUDE 

18 

GACH  SARAN 

5/74 

185 

CRUDE 

18 

SOUTH  AMERICA 

5/74 

UNKNOWN 

WEATHER 

SAMPLE 

TEMP 

WIND 

CLOUD 

LAB 

TIME  HRS 

DATE 

AIR 

H20 

KPH 

COVER 

COND 

185101 

48 

7/12/74 

27 

21 

14 

3 

OfOfO 

185102 

168 

7/17/74 

27 

21 

12 

3 

OfOfO 

185103 

336 

7/24/74 

26 

’?'? 

13 

3 

OfOfO 

185201 

48 

7/12/74 

25 

24 

6 

3 

OfOf  0 

185202 

168 

7/17/74 

28 

28 

4 

3 

OfOfO 

185203 

336 

7/24/74 

26 

28 

3 

3 

OfOfO 

185301 

48 

7/31/74 

23 

19 

0 

8 

2 f 5 f 0 

185302 

168 

8/  4/74 

21 

21 

0 

22 

2 f 5 f 0 

185303 

336 

8/12/74 

23 

20 

0 

17 

2 f 5 f 0 

KNOWN  TYPE  COMPANY  ORIGIN 

186  CRUDE  18  TRANS  MOUNTAIN 

MIX 

DATE 

RECEIVED 

5/74 

UNKNOWN 

WEATHER 

SAMPLE 

TEMP 

WIND 

CLOUD 

LAB 

TIME  HRS 

DATE 

AIR 

H20 

KPH 

COVER 

COND 

186311 

48 

6/12/75 

26 

22 

0 

0 

2 f 4 f 6 

186312 

168 

6/17/75 

26 

22 

0 

0 

2 f 4 f 6 

186313 

336 

6/24/75 

26 

22 

0 

0 

2 f 4 f 6 

186321 

48 

7/  3/75 

26 

22 

0 

0 

2 f 5 f 6 

186322 

168 

7/  8/75 

25 

21 

0 

0 

2 f 5 f 6 

186323 

336 

7/15/75 

25 

21 

0 

0 

2 f 5 f 6 

186381 

48 

4/18/75 

23 

21 

0 

0 

2 f 5 f 6 

186382 

168 

4/23/75 

'?'? 

20 

0 

0 

2 f 5 f 6 

186383 

336 

4/30/75 

22 

21 

0 

0 

2 f 5 f 6 

186391 

48 

5/21/75 

20 

18 

0 

0 

2 f 5 f 0 

186392 

168 

5/26/75 

21 

19 

0 

0 

2 f 5 f 0 

186393 

336 

6/  3/75 

23 

20 

0 

0 

2 f 5 f 0 

186411 

48 

8/  7/75 

26 

23 

15 

1 

OfOfO 

186412 

168 

8/12/75 

30 

26 

8 

5 

OfOfO 

186431 

48 

8/29/75 

28 

26 

10 

4 

OfOfO 

186461 

48 

4/30/75 

14 

10 

9 

5 

OfOfO 

186462 

168 

5/  5/75 

8 

10 

18 

1 

OfOfO 

186463 

336 

5/12/75 

16 

12 

12 

5 

OfOfO 

186471 

48 

5/29/75 

26 

18 

9 

5 

OfOfO 

186472 

168 

6/  3/75 

22 

17 

4 

5 

OfOfO 

186473 

336 

6/10/75 

25 

18 

10 

5 

OfOfO 

186481 

48 

6/20/75 

29 

23 

4 

5 

OfOfO 

186482 

168 

6/25/75 

29 

25 

12 

C* 

J 

OfOfO 

186483 

336 

7/  2/75 

29 

25 

4 

«r 

U 

OfOfO 

186491 

48 

7/11/75 

25 

on 

10 

4 

OfOfO 

186492 

168 

7/16/75 

28 

24 

8 

5 

OfOfO 

AI-10 


r 

[ 

! 


TABLE  AI 

-I. 

INFORMATIONAL  DATA 

ON  UNWEATHERED  AND 

WEATHERED  OILS 

UNKNOWN 

WEATHER 

SAMPLE 

TEMP 

WIND 

CLOUD 

LAB 

1 

TIME  HRS 

DATE 

AIR  H20 

KPH 

COVER 

COND 

j 186493 

336 

7/23/75 

30  25 

10 

5 

0,0,0 

KNOWN 

TYPE 

COMPANY 

ORIGIN 

DATE 

RECEIVED 

187  CRUDE 

37 

VENEZUALA 

8/74 

| UNKNOWN 

WEATHER 

SAMPLE 

TEMP 

WIND 

CLOUD 

LAB 

TIME  HRS 

DATE 

AIR  H20 

KPH 

COVER 

COND 

187301 

48 

3/12/75 

21  19 

0 

8 

2,5,0 

187302 

168 

3/17/75 

20  18 

0 

8 

2,5,0 

187303 

336 

3/24/75 

21  19 

0 

8 

2,5,0 

187442 

168 

3/25/75 

9 7 

10 

2 

0,0,0 

187483 

336 

7/  2/75 

29  25 

4 

5 

0,0,0 

! KNOWN 

TYPE 

COMPANY 

ORIGIN 

DATE 

RECEIVED 

188  CRUDE 

40 

MID 

EAST 

8/74 

UNKNOWN 

WEATHER 

SAMPLE 

TEMP 

WIND 

CLOUD 

LAB 

TIME  HRS 

DATE 

AIR  H20 

KPH 

COVER 

COND 

188301 

48 

3/12/75 

21  19 

0 

8 

2,5,0 

188302 

168 

3/17/75 

20  18 

0 

8 

2,5,0 

188303 

336 

3/24/75 

21  19 

0 

8 

2,5,0 

188441 

48 

3/20/75 

6 5 

10 

3 

0,0,0 

188481 

48 

6/20/75 

29  23 

11 

5 

0,0,0 

188483 

336 

7/  2/75 

29  25 

4 

5 

0,0,0 

KNOWN 

TYPE 

COMPANY 

ORIGIN 

DATE 

RECEIVED 

189  CRUDE 

27 

ALASKA 

8/74 

190  CRUDE 

24 

FAR 

EAST 

8/74 

191  CRUDE 

23 

EUROPE 

8/74 

UNKNOWN 

WEATHER 

SAMPLE 

TEMP 

WIND 

CLOUD 

LAB 

TIME  HRS 

DATE 

AIR- 

H20 

KPH 

COVER 

COND 

191301 

48 

3/12/75 

21 

19 

0 

8 

2,5,0 

191302 

168 

3/17/75 

20 

18 

0 

8 

2,5,0 

191303 

336 

3/24/75 

21 

19 

0 

8 

2,5,0 

191481 

48 

6/20/75 

29 

23 

4 

5 

0,0,0 

KNOWN 

TYPE  COMPANY 

ORIGIN 

DATE 

RECEIVED 

192  CRUDE  39  DOMESTIC  8/74 


UNKNOWN 

WEATHER 

SAMPLE 

TEMP 

WIND 

CLOUD 

LAB 

TIME  HRS 

DATE 

AIR 

H20 

KPH 

COVER 

COND 

192301 

48 

3/12/75 

21 

19 

0 

8 

2,5,0 

192302 

168 

3/17/75 

20 

13 

0 

8 

2,5,0 

192303 

336 

3/24/75 

21 

19 

0 

8 

2,5,0 

192451 

48 

4/  4/75 

0 

7 

20 

o 

0,0,0 

192481 

48 

6/20/75 

29 

23 

4 

5 

0,0,0 

192482 

168 

6/25/75 

29 

25 

12 

5 

0,0,0 

192483 

336 

7/  2/75 

29 

25 

4 

5 

0,0,0 

AI-11 


.1 


TABLE 

: AI-I. 

INFORMATIONAL 

DATA  ON  UNWEATHERED  AND 

WEATHERED  OILS 

KNOUN 

TYPE 

COMPANY 

ORIGIN 

DATE  RECEIVED 

193 

CRUDE 

1 

AMNA 

12/74 

194 

CRUDE 

1 

SIRTICA 

12/74 

195 

CRUDE 

1 

IRAN 

12/74 

196 

CRUDE 

1 

MARJAN 

12/74 

197 

CRUDE 

1 

KOTLA 

12/74 

198 

CRUDE 

1 

MINAS 

12/74 

199 

CRUDE 

1 

BAHI  AMAL 

12/74 

200 

CRUDE 

1 

DOR 

12/74 

201 

CRUDE 

1 

NAFOORA  AUGILA 

12/74 

202 

CRUDE 

1 

ARABIAN  MED. 

12/74 

203 

CRUDE 

1 

NAFOORA 

12/74 

204 

CRUDE 

1 

BREGA 

12/74 

205 

CRUDE 

1 

HARAM 

12/74 

206 

CRUDE 

1 

NIGERIA 

12/74 

207 

CRUDE 

1 

BEDA 

12/74 

208 

CRUDE 

1 

BUALAWN 

12/74 

209 

CRUDE 

1 

WARID 

12/74 

210 

CRUDE 

1 

ZUEITINA 

12/74 

211 

CRUDE 

1 

SHALLOW 

12/74 

212 

CRUDE 

1 

BREGA 

12/74 

213 

CRUDE 

1 

NEPCO  GALLANT 

12/74 

UNKNOWN 

WEATHER 

SAMPLE 

TEMP 

WIND 

CLOUD 

LAB 

TIME  HRS 

DATE 

AIR 

H20 

NPH 

COVER 

COND 

213121 

48 

1/28/75 

2 

4 

13 

0,0,0 

213122 

168 

2/  2/75 

1 

4 

10 

2 

0,0,0 

213301 

48 

1/22/75 

17 

12 

0 

24 

2,5,0 

213302 

168 

1/27/75 

18 

12 

0 

24 

2,5,0 

213303 

336 

2/  3/75 

18 

12 

0 

13 

2,5,0 

213311 

48 

6/12/75 

26 

22 

0 

0 

2,4,6 

213312 

168 

6/17/75 

26 

22 

0 

0 

2,4,6 

213313 

336 

6/24/75 

26 

22 

0 

0 

2,4,6 

213321 

48 

7/  3/75 

26 

22 

0 

0 

2,5,6 

213322 

168 

7/  8/75 

25 

21 

0 

0 

2,5,6 

213323 

336 

7/16/75 

25 

21 

0 

0 

2,5,6 

213391 

48 

5/21/75 

20 

18 

0 

0 

2,5,0 

213392 

168 

5/26/75 

21 

19 

0 

0 

2,5,0 

213393 

336 

6/  3/75 

23 

20 

0 

0 

2,5,0 

213411 

48 

1/17/75 

0 

6 

11 

4 

0,0,0 

213412 

168 

1/22/75 

0 

4 

12 

3 

0,0,0 

213413 

336 

1/29/75 

0 

4 

11 

2 

0,0,0 

213421 

48 

1/28/75 

2 

4 

13 

n 

0,0,0 

213422 

168 

2/  2/75 

1 

4 

10 

n 

0,0,0 

213423 

336 

2/  9/75 

0 

4 

10 

n 

dm 

0,0,0 

213431 

48 

2/  5/75 

0 

4 

10 

3 

0,0,0 

213432 

168 

2/10/75 

0 

4 

10 

3 

0,0,0 

213433 

552 

2/26/75 

0 

4 

10 

n 

d. 

0,0,0 

AI-12 


TABLE  AI-I . INFORMATIONAL  DATA  ON  UNWEATHERED  AND  WEATHERED  OILS 


UNKNOWN 

WEATHER 

SAMPLE 

TEMP 

WIND 

CLOUD 

LAB 

TIME  HRS 

DATE 

AIR  H20 

KPH 

COVER 

COND 

213434 

720 

3/  6/75 

0 

4 

10 

3 

0,0,0 

213441 

48 

3/20/75 

6 

5 

10 

3 

0*0,0 

213442 

168 

3/25/75 

9 

7 

10 

2 

0,0,0 

213443 

336 

4/  1/75 

4 

7 

12 

3 

0,0,0 

213451 

48 

4/  4/75 

0 

7 

20 

2 

0,0,0 

213452 

168 

4/  9/75 

0 

7 

12 

3 

0,0,0 

213453 

336 

4/16/75 

5 

7 

18 

1 

0,0,0 

213461 

48 

4/30/75 

14 

10 

9 

5 

0,0,0 

213462 

168 

5/  5/75 

8 

10 

18 

1 

0,0,0 

213463 

336 

5/12/75 

16 

12 

12 

5 

0,0,0 

213471 

48 

5/29/75 

26 

18 

9 

5 

0,0,0 

213472 

168 

6/  3/75 

22 

17 

4 

5 

0,0,0 

213473 

336 

6/10/75 

25 

18 

10 

5 

0,0,0 

213481 

48 

6/20/75 

29 

23 

4 

5 

0,0,0 

213482 

168 

6/25/75 

29 

24 

15 

5 

0,0,0 

213483 

336 

7/  2/75 

29 

25 

14 

5 

0,0,0 

KNOWN 

TYPE  COMPANY 

ORIGIN 

DATE 

RECEIVED 

301  KEROSENE  2 

ECUADOR 

1/73 

302  KEROSENE  2 

ZAIRE 

1/73 

303  KEROSENE  2 

AGHA 

JARA 

1/73 

304  KEROSENE  2 

DELTA 

1/73 

305  KEROSENE  12 

GRINNELL 

7/73 

306  NO. 

1FUEL  11 

4/74 

307  KEROSENE  2 

CABINDA 

1/73 

308  K 

0 

PROVIDENCE 

6/74 

309  KEROSENE  11 

PROVIDENCE 

6/74 

UNKNOWN 

WEATHER 

SAMPLE 

TEMP 

WIND 

CLOUD 

LAB 

TIME  HRS 

DATE 

AIR  H 

20 

KPH 

COVER 

COND 

309101 

48 

6/20/74 

26 

20 

13 

3 

0,0,0 

309201 

48 

6/20/74 

26 

25 

5 

3 

0,0,0 

309331 

48 

7/17/75 

26 

22 

0 

2 

5,6,0 

KNOWN 

TYPE 

COMPANY 

ORIGIN 

DATE  RECEIVED 

310 

KEROSENE 

48 

PROVIDENCE 

4/75 

401 

N0.2FUEL 

2 

CABINDA 

1/73 

402 

N0.2FUEL 

2 

ZAIRE 

1/73 

403 

N0.2FUEL 

2 

ECUADOR 

1/73 

UNKNOWN 

WEATHER 

SAMPLE 

TEMP 

WIND 

CLOUD 

LAB 

TIME  HRS 

DATE 

AIR 

H20 

KPH 

COVER 

COND 

403331 

48 

7/17/75 

26 

22 

0 

0 

2,5,6 

403333 

336 

7/29/75 

26 

22 

0 

0 

2,5,6 

KNOWN 

TYPE  COMPANY 

ORIGIN 

DATE 

RECEIVED 

404 

405 


N0.2FUEL 

N0.2FUEL 


13 


DELTA 

MOBIL 


1/73 

10/73 


AI-13 


TABLE  AI-I.  INFORMATIONAL  DATA  ON  UNWEATHERED  AND  WEATHERED  OILS 


r 


KNOWN 

TYPE 

COMPANY 

ORIGIN 

DATE  RECEIVED 

406 

NO . 2FUEL 

6 

0/  0 

407 

N0.2FUEL 

8 

LAGOMEDIO 

4/74 

UNKNOWN  WEATHER 

SAMPLE 

TEMP 

WIND 

CLOUD 

LAB 

TIME  HRS 

DATE 

AIR 

H20 

KPH 

COVER 

COND 

407341  48 

8/14/75 

26 

22 

0 

0 

2,5,6 

407342  168 

8/19/75 

25 

23 

0 

0 

2,5,6 

407343  336 

8/26/75 

23 

22 

0 

0 

2,5,6 

407461  48 

4/30/75 

14 

10 

3 

5 

0,0,0 

407462  168 

5/  5/75 

14 

10 

\ 

15 

5 

0,0,0 

KNOWN  TYPE 

COMPANY 

ORIGIN 

DATE 

RECEIVED 

408  N0.2FUEL 

8 WEST 

TEXAS 

4/74 

UNKNOWN  WEATHER 

SAMPLE 

TEMP 

WIND 

CLOUD 

LAB 

TIME  HRS 

DATE 

AIR 

H20 

KPH 

COVER 

COND 

408101  48 

8/  1/74 

24 

24 

10 

4 

0,0,0 

408102  168 

8/  6/74 

26 

23 

12 

4 

0,0,0 

408201  48 

8/  1/74 

29 

25 

5 

3 

0,0,0 

408311  48 

8/23/74 

27 

21 

0 

24 

2,5,0 

408312  168 

8/28/74 

26 

21 

0 

20 

2,5,0 

408313  336 

9/  4/74 

24 

21 

0 

28 

2,5,0 

408321  48 

12/17/74 

23 

17 

5 

12 

2,3,5 

408322  168 

12/22/74 

23 

17 

5 

12 

2,3,5 

KNOWN  TYPE 

COMPANY 

ORIGIN 

DATE 

RECEIVED 

409  N0.2FUEL 

11 

4/74 

UNKNOWN  WEATHER 

SAMPLE 

TEMP 

WIND 

CLOUD 

LAB 

TIME  HRS 

DATE 

AIR- 

H20 

KPH 

COVER 

COND 

409101  48 

5/10/74 

10 

13 

13 

4 

0,0,0 

409201  48 

5/10/74 

15 

10 

6 

4 

0,0,0 

409202  168 

5/15/74 

16 

15 

5 

4 

0,0,0 

409301  48 

9/26/74 

19 

15 

0 

13 

2,5,0 

409302  168 

10/  1/74 

19 

15 

0 

13 

2,5,0 

409303  336 

10/  8/74 

19 

15 

0 

13 

2,5,0 

409491  48 

5/  9/75 

10 

13 

13 

40 

0,0,0 

KNOWN  TYPE 

COMPANY 

ORIGIN 

DATE 

RECEIVED 

410  N0.2FUEL 

2 AGHA 

i JARI 

1/73 

411  FURNACE  14  PROVIDENCE  6/74 


UNKNOWN 

WEATHER- 

SAMPLE 

TEMP 

WIND 

CLOUD 

LAB 

TIME  HRS 

DATE 

AIR 

H20 

KPH 

COVER 

COND 

411201 

48 

7/12/74 

25 

24 

6 

3 

0,0,0 

411301 

48 

7/31/74 

23 

19 

0 

8 

2,5,0 

411302 

168 

8/  4/74 

21 

21 

0 

22 

2,5,0 

411303 

336 

8/12/74 

23 

20 

0 

17 

2,5,0 

^ AI-14 
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TABLE  AI-I . INFORMATIONAL  DATA  ON  UNUEATHERED  AND  WEATHERED  OILS 


KNOWN 

TYPE 

COMPANY 

ORIGIN 

DATE 

RECEIVED 

412  DIESEL 

14 

PROVIDENCE 

6/74 

UNKNOWN 

WEATHER 

SAMPLE 

TEMP 

WIND 

CLOUD 

LAB 

TIME  HRS 

DATE 

AIR 

H20 

KPH 

COVER 

COND 

412341 

48 

8/14/75 

26 

22 

0 

0 

2*5,6 

412342 

168 

8/19/75 

25 

23 

0 

0 

2,5*6 

412343 

336 

8/26/75 

23 

22 

0 

0 

2,5,6 

412421 

48 

8/22/75 

29 

27 

9 

5 

0,0,0 

412422 

168 

8/27/75 

32 

31 

8 

5 

0,0,0 

KNOWN 

TYPE 

COMPANY 

ORIGIN 

DATE 

RECEIVED 

413  DIESEL 

7 

PROVIDENCE 

6/74 

UNKNOWN 

WEATHER 

SAMPLE 

TEMP 

WIND 

CLOUD 

LAB 

TIME  HRS 

DATE 

AIR 

H20 

KPH 

COVER 

COND 

413101 

48 

6/20/74 

26 

20 

13 

3 

0,0,0 

413201 

48 

6/20/74 

26 

25 

5 

3 

0,0,0 

413301 

48 

7/31/74 

23 

19 

0 

8 

2,5,0 

413302 

168 

8/  4/74 

21 

21 

0 

22 

2,5,0 

413303 

336 

8/12/74 

23 

20 

0 

17 

2,5,0 

KNOWN 

TYPE 

COMPANY 

ORIGIN 

DATE 

RECEIVED 

414  NO 

. 2 

2 

PROVIDENCE 

6/74 

UNKNOWN 

WEATHER 

SAMPLE 

TEMP 

WIND 

CLOUD 

LAB 

TIME  HRS 

DATE 

AIR 

H20 

KPH 

COVER 

COND 

414101 

48 

6/20/74 

26 

20 

13 

3 

0,0,0 

414201 

48 

6/20/74 

26 

25 

5 

3 

0,0,0 

414202 

168 

6/25/74 

25 

26 

4 

3 

0,0,0 

414331 

48 

7/17/75 

26 

22 

0 

0 

2,5,6 

414333 

336 

7/29/75 

26 

22 

0 

0 

2,5,6 

KNOWN 

TYPE 

COMPANY 

ORIGIN 

DATE 

RECEIVED 

415  NO 

• 2FUEL 

40 

8/74 

416  m.: 

DIESEL 

39 

8/74 

UNKNOWN 

WEATHER 

SAMPLE 

TEMP 

WIND 

CLOUD 

LAB 

TIME  HRS 

DATE 

AIR 

H20 

KPH 

COVER 

COND 

416341 

48 

8/14/75 

26 

22 

0 

0 

2,5,6 

416342 

168 

8/19/75 

25 

23 

0 

0 

2,5,6 

416343 

336 

8/26/75 

23 

22 

0 

0 

2,5,6 

416411 

48 

8/  7/75 

26 

23 

15 

1 

0,0,0 

416412 

168 

8/12/75 

30 

26 

8 

5 

0,0,0 

KNOWN 

TYPE 

COMPANY 

ORIGIN 

DATE 

RECEIVED 

417  NO 

.4FUEL 

7 

8/74 

UNKNOWN 

WEATHER 

SAMPLE 

TEMP 

WIND 

CLOUD 

LAB 

TIME  HRS 

DATE 

AIR 

H20 

KPH 

COVER 

COND 

417301 

48 

3/12/75 

21 

19 

0 

8 

2,5,0 

417302 

168 

3/17/75 

20 

18 

0 

8 

2,5,0 

AI-15 


TABLE  AI-I.  INFORMATIONAL  DATA  ON  UNWEATHERED  AND  WEATHERED  OILS 


UNKNOWN 

WEATHER 

SAMPLE 

TEMP 

WIND 

CLOUD 

LAB 

TIME  HRS 

DATE 

AIR 

H20 

KPH 

COVER 

COND 

417303 

336 

3/24/75 

21 

19 

0 

8 

2,5,0 

KNOWN 

TYPE  COMPANY 

ORIGIN 

DATE 

RECEIVED 

418  NO  . 

4FUEL 

40 

8/74 

UNKNOWN 

WEATHER 

SAMPLE 

TEMP 

WIND 

CLOUD 

LAB 

TIME  HRS 

DATE 

AIR 

H20 

KPH 

COVER 

COND 

- 418301 

48 

3/12/75 

21 

19 

0 

8 

2,5,0 

418302 

168 

3/17/75 

20 

18 

0 

8 

2,5,0 

418303 

336 

3/24/75 

21 

19 

0 

8 

2,5,0 

KNOWN 

TYPE  COMPANY 

ORIGIN 

DATE 

RECEIVED 

419  DIESEL 

7 NEWARK 

8/74 

420  #2M 

.FUEL 

42  M. 

V.ARION 

8/74 

421  NO. 

2FUEL 

41 

8/74 

UNKNOWN 

WEATHER 

SAMPLE 

TEMP 

WIND 

CLOUD 

LAB 

TIME  HRS 

DATE 

AIR 

H20 

KPH 

COVER 

COND 

421301 

48 

1/22/75 

17 

12 

0 

24 

2,5,0 

421311 

48 

10/24/74 

20 

16 

0 

14 

2,5,0 

421312 

168 

10/29/74 

19 

16 

0 

12 

2 r 5 r 0 

421313 

336 

11/  5/74 

20 

16 

0 

12 

2,5,0 

421321 

48 

7/  3/75 

26 

22 

0 

0 

2,4,6 

421322 

168 

7/  8/75 

25 

21 

0 

0 

2 , 5 , 6 

421331 

48 

6/12/75 

26 

22 

0 

2 

4,6,0 

421391 

48 

5/21/75 

20 

18 

0 

0 

2,5,0 

421411 

24 

7/27/75 

29 

25 

11 

50 

OfOfO 

421421 

24 

11/25/75 

5 

9 

5 

20 

OfOfO 

421422 

48 

11/26/75 

7 

10 

3 

20 

OtOtO 

421423 

168 

12/  1/75 

15 

12 

2 

10 

OtOfO 

421431 

24 

11/25/75 

7 

10 

5 

20 

0f0,0 

421432 

48 

11/26/75 

7 

10 

3 

20 

OfOfO 

421433 

168 

12/  1/75 

15 

12 

2 

10 

OfOfO 

421461 

48 

4/30/75 

14 

10 

9 

5 

OfOfO 

421471 

48 

5/29/75 

26 

18 

9 

5 

OfOfO 

421472 

168 

6/  3/75 

22 

17 

4 

5 

OfOfO 

421481 

48 

6/20/75 

29 

23 

4 

5 

OfOfO 

421491 

48 

7/11/75 

25 

22 

10 

4 

OfOfO 

KNOWN 

TYPE  COMPANY 

ORIGIN 

DATE 

RECEIVED 

422  NO. 

4FUEL 

46  PAWTUCKET 

1/75 

UNKNOWN 

WEATHER 

SAMPLE 

TEMP 

WIND 

CLOUD 

LAB 

TIME  HRS 

DATE 

AIR 

H20 

KPH 

COVER 

COND 

422342 

168 

8/19/75 

25 

23 

0 

0 

2,5,0 

422343 

336 

8/26/75 

23 

22 

0 

0 

2.5.6 

422431 

48 

2/  5/75 

0 

4 

10 

3 

0.0,0 

422432 

168 

2/10/75 

0 

4 

10 

3 

0,0,0 

AI-16 


TABLE  AI-I 


INFORMATIONAL  DATA  ON  UNWEATHERED  AND  WEATHERED  OILS 


KNOWN 

TYPE  COMPANY 

ORIGIN 

DATE 

RECEIVED 

423  NO. 

4F.0. 

45 

4/75 

UNKNOWN 

WEATHER 

SAMPLE 

TEMP 

WIND 

CLOUD 

LAB 

TIME  HRS 

DATE 

AIR 

K20 

KPH 

COVER 

COND 

423311 

48 

6/12/75 

26 

22 

0 

0 

2f  4»6 

423312 

168 

6/17/75 

26 

22 

0 

0 

2f  4*6 

423313 

336 

6/24/75 

26 

22 

0 

0 

2f4f6 

423321 

48 

7/  3/75 

26 

22 

0 

0 

2f5f6 

423322 

168 

7/  8/75 

25 

21 

0 

0 

2f5f6 

423323 

336 

7/15/75 

25 

21 

0 

0 

2 f 5 f 6 

423381 

48 

4/18/75 

23 

21 

0 

0 

2 f 5 f 6 

423382 

168 

4/23/75 

22 

20 

0 

0 

2 r 5 * 6 

423383 

336 

4/30/75 

22 

21 

0 

0 

2f5f6 

423391 

48 

5/21/75 

20 

18 

0 

0 

2f5f0 

423392 

168 

5/26/75 

21 

19 

0 

0 

2 f 5 r 0 

423393 

336 

6/  3/75 

23 

20 

0 

0 

2f  5 f 0 

423441 

48 

10/22/75 

16 

17 

2 

50 

OfOfO 

423451 

48 

4/  4/75 

0 

7 

20 

2 

OfOfO 

423452 

168 

4/  9/75 

0 

7 

12 

3 

OfOfO 

423453 

336 

4/16/75 

5 

7 

18 

1 

OfOfO 

423461 

48 

4/30/75 

14 

10 

9 

5 

OfOfO 

423462 

168 

5/  5/75 

8 

10 

18 

1 

OfOfO 

423463 

336 

5/12/75 

16 

12 

12 

5 

OfOfO 

423471 

48 

5/29/75 

26 

18 

12 

5 

OfOfO 

423472 

168 

6/  3/75 

22 

17 

4 

5 

OfOfO 

423473 

336 

6/10/75 

25 

18 

10 

5 

OfOfO 

423481 

48 

6/20/75 

29 

23 

4 

5 

OfOfO 

423482 

168 

6/25/75 

29 

24 

15 

5 

OfOfO 

423491 

48 

7/11/75 

25 

22 

10 

4 

OfOfO 

423492 

168 

7/16/75 

28 

24 

8 

5 

OfOfO 

423493 

336 

7/23/75 

30 

25 

10 

5 

OfOfO 

KNOWN 

TYPE  COMPANY 

ORIGIN 

DATE 

RECEIVED 

424  NO. 

2FUEL 

48  PROVIDENCE 

4/75 

UNKNOWN 

WEATHER 

SAMPLE 

TEMP 

WIND 

CLOUD 

LAB 

TIME  HRS 

DATE 

AIR 

H20 

KPH 

COVER 

COND 

424491 

24 

7/27/75 

29 

25 

11 

5 

OfOfO 

KNOWN 

TYPE  COMPANY 

ORIGIN 

DATE 

RECEIVED 

•126  API 

NO.  2 

47  TEXAS 

4/75 

UNKNOWN 

WEATHER 

SAMPLE 

TEMP 

WIND 

CLOUD 

LAB 

TIME  HRS 

DATE 

AIR 

H20 

KPH 

COVER 

COND 

426301 

48 

10/22/75 

26 

22 

0 

82 

5 f 6 f 0 

426302 

168 

10/27/75 

25 

23 

0 

82 

5 f 6 f 0 

426303 

338 

11/  3/75 

23 

22 

0 

82 

5f6f0 

426461 

24 

5/  4/75 

8 

10 

18 

1 

OfOfO 

426462 

48 

5/  5/75 

8 

10 

18 

1 

OfOfO 

AI-17 


TABLE  AI-I.  INFORMATIONAL  DATA 

ON  UNWEATHERED  AND 

WEATHERED 

OILS 

UNKNOWN  WEATHER 

SAMPLE 

TEMP 

WIND 

CLOUD 

LAB 

TIME  HRS 

DATE 

AIR  H20 

KPH 

COVER 

COND 

426491  24 

7/27/75 

29  25 

11 

5 

0*0,0 

KNOWN 

TYPE 

COMPANY  ORIGIN 

DATE  RECEIVED 

427 

N0.2FUEL 

50 

E. PROVIDENCE 

8/75 

428 

N0.2FUEL 

50 

E. PROVIDENCE 

8/75 

429 

N0.2FUEL 

50 

E. PROVIDENCE 

8/75 

430 

N0.2FUEL 

50 

E. PROVIDENCE 

8/75 

431 

N0.2FUEL 

50 

E. PROVIDENCE 

8/75 

432 

MARINEFO 

51 

M.V.  GRAND  ENTERPRISE 

9/75 

501 

600  + 

1 

ES  SIDER 

10/73 

502 

600+ 

1 

SIRTICA 

10/73 

503 

RESIDUUM 

1 

ES  SIDER 

10/73 

504 

600+ 

1 

AMNA 

10/73 

505 

RESIDUUM 

1 

ARABIA 

10/73 

506 

RESIDUUM 

1 

AMNA 

10/73 

507 

RESIDUUM 

1 

ARABIA 

10/73 

508 

VISBRKN 

1 

AMNA 

10/73 

509 

VISBRKN 

1 

ARABIA 

10/73 

510 

RESIDUUM 

1 

AMNA 

10/73 

511 

RESIDUUM 

2 

ZAIRE 

1/73 

512 

RESIDUUM 

2 

AGHA  JAR I 

1/73 

513 

RESIDUUM 

2 

CABINDA 

1/73 

514 

800+  BTM 

1 

SIRTICA 

10/73 

515 

800+  BTM 

1 

AMNA 

10/73 

516 

800+BTM0 

11 

S SIDER 

0/73 

517 

800+  BTM 

1 

SIRTICA 

10/73 

518 

800+  BTM 

1 

ES  SIDER 

10/73 

519 

800+  BTM 

1 

ARABIA 

10/73 

520 

800+  BTM 

1 

AMNA 

10/73 

521 

VCM  BTMS 

8 

WEST  TEXAS 

4/74 

522 

VCM  BTMS 

8 

MID  CONTINENT 

4/74 

523 

VCM  BTMS 

8 

LAGOMEDIO 

4/74 

524 

RESIDUUM 

2 

DELTA 

1/73 

525 

RESIDUUM 

2 

ECUADOR 

1/73 

526 

600  + 

1 

SIRTICA 

10/73 

601 

BUNKER  C 

12 

7/73 

UNKNOWN  WEATHER 

SAMPLE  TEMP 

WIND 

CLOUD  LAB 

TIME 

HRS 

DATE  AIR  H20 

KPH 

COVER  COND 

601101 

48 

4/20/74  17  10 

14 

4 0,0,0 

601201 

48 

4/20/74  12  12 

4 

4 0,0,0 

601 

203  336 

5/  5/74  18  14 

4 

3 0,0,0 

KNOWN 

TYPE 

COMPANY  ORIGIN 

DATE  RECEIVED 

602 

BUNKER  C 

14 

8/73 

603 

BUNKER  C 

15 

CANADA 

4/73 

604 

NAVY  SPE 

16 

6/73 

AI-18 


TABLE  AI-I.  INFORMATIONAL  DATA  ON  UNWEATHERED  AND  WEATHERED  OILS 


KNOWN 

TYPE  COMPANY 

ORIGIN 

DATE 

RECEIVED 

605  NO. 

6FUEL 

5 

3/74 

UNKNOWN 

WEATHER 

SAMPLE 

TEMP 

WIND 

CLOUD 

LAB 

TIME  HRS 

DATE 

AIR 

H20 

KPH 

COVER 

COND 

605101 

48 

6/  1/74 

17 

16 

10 

3 

OfOfO 

605102 

168 

6/  6/74 

20 

17 

12 

4 

OfOf 0 

605103 

336 

6/13/74 

22 

17 

12 

3 

OfOfO 

605201 

48 

6/  1/74 

20 

18 

4 

3 

OfOfO 

605202 

168 

6/  6/74 

23 

22 

5 

4 

Of  Of  0 

605203 

336 

6/13/74 

23 

26 

5 

3 

OfOfO 

605311 

48 

9/26/74 

19 

15 

0 

13 

2 f 5 f 0 

605312 

168 

10/  1/74 

19 

15 

0 

13 

2 » 5 » 0 

605313 

336 

10/  8/74 

19 

15 

0 

13 

2 > 5 » 0 

605321 

48 

12/17/74 

23 

17 

5 

12 

2f3f5 

605322 

168 

12/22/74 

23 

17 

5 

12 

2 f 3 f 5 

605331 

48 

1/22/75 

17 

12 

0 

24 

2f5f0 

605332 

168 

1/27/75 

18 

12 

0 

24 

2f5f0 

605333 

336 

2/  3/75 

18 

12 

0 

13 

2f5f0 

KNOWN 

TYPE  COMPANY 

ORIGIN 

DATE 

RECEIVED 

606  NO. 

6FUEL 

17 

1/73 

UNKNOWN 

WEATHER 

SAMPLE 

TEMP 

WIND 

CLOUD 

LAB 

TIME  HRS 

DATE 

AIR 

H20 

KPH 

COVER 

COND 

606101 

48 

4/20/74 

17 

10 

14 

4 

OfOfO 

606102 

168 

4/25/74 

16 

10 

15 

2 

OfOfO 

606201 

48 

4/20/74 

12 

12 

4 

4 

OfOfO 

606203 

336 

5/  5/74 

18 

14 

4 

3 

OfOfO 

606321 

48 

7/  3/75 

26 

22 

0 

0 

2f5f6 

606322 

168 

7/  8/75 

25 

21 

0 

0 

2 f 5 f 6 

606323 

336 

7/15/75 

25 

21 

0 

0 

2 f 5 f 6 

KNOWN 

TYPE  COMPANY 

ORIGIN 

DATE 

RECEIVED 

607  NO. 

5FUEL 

2 S. 

AMERICA 

4/74 

UNKNOWN 

WEATHER 

SAMPLE 

TEMP 

WIND 

CLOUD 

LAB 

TIME  HRS 

DATE 

AIR 

H2C 

KPH 

COVER 

COND 

607101 

48 

6/  1/74 

17 

16 

10 

3 

OfOfO 

607102 

168 

6/  6/74 

19 

17 

12 

4 

OfOfO 

607103 

336 

6/13/74 

22 

17 

12 

3 

OfOfO 

607201 

48 

6/  1/74 

20 

18 

4 

3 

OfOfO 

607202 

168 

6/  6/74 

23 

22 

5 

4 

OfOfO 

607203 

336 

6/13/74 

23 

26 

5 

3 

OfOfO 

607311 

48 

8/23/74 

27 

21 

0 

24 

2f5f0 

607312 

168 

8/28/74 

26 

21 

0 

20 

2 f 5 f 0 

607313 

336 

9/  4/74 

24 

21 

0 

28 

2f5f0 

607321 

48 

12/17/74 

23 

17 

5 

12 

2 f 3 f 5 

607322 

168 

12/22/74 

23 

17 

5 

12 

2f3f5 

607331 

48 

1/22/75 

17 

12 

0 

24 

2 f 5 f 0 

AI-19 


TABLE  AI-I.  INFORMATIONAL  DATA  ON  UNWEATHERED  AND  WEATHERED  OILS 


UNKNOWN 

WEATHER 

SAMPLE 

TEMP 

WIND 

CLOUD 

LAB 

TIME  HRS 

DATE 

AIR 

H20 

KPH 

COVER 

COND 

607332 

168 

1/27/75 

18 

12 

0 

24 

2 » 5 » 0 

607333 

336 

2/  3/75 

18 

12 

0 

13 

2*5,0 

KNOWN 

TYPE  COMPANY 

ORIGIN 

DATE 

RECEIVED 

608  NO. 

5FUEL 

2 U. 

S 

• A ♦ 

4/74 

UNKNOWN 

WEATHER 

SAMPLE 

TEMP 

WIND 

CLOUD 

LAB 

TIME  HRS 

DATE 

AIR 

H20 

KPH 

COVER 

COND 

608101 

48 

5/10/74 

10 

13 

13 

4 

0*0*0 

608102 

168 

5/15/74 

12 

13 

16 

4 

0,0*0 

608103 

336 

5/22/74 

17 

14 

15 

4 

0*0,0 

608201 

48 

5/10/74 

15 

10 

6 

4 

OtOtQ 

608202 

168 

5/15/74 

16 

15 

5 

4 

OfOfO 

608203 

336 

5/22/74 

20 

18 

5 

4 

0*0>0 

608301 

48 

9/26/74 

19 

15 

0 

13 

2*5*0 

608302 

168 

10/  1/74 

19 

15 

0 

13 

2*5*0 

608303 

336 

10/  8/74 

19 

15 

0 

13 

2*5*0 

KNOWN 

TYPE  COMPANY 

ORIGIN 

DATE 

RECEIVED 

609  NO. 

6FUEL 

2 U. 

S 

♦ A ♦ 

4/74 

UNKNOWN 

WEATHER 

SAMPLE 

TEMP 

WIND 

CLOUD 

LAB 

TIME  HRS 

DATE 

AIR 

H20 

KPH 

COVER 

COND 

609101 

48 

6/20/74 

26 

20 

13 

3 

0*0*0 

KNOWN 

TYPE  COMPANY 

ORIGIN 

DATE 

RECEIVED 

610  NO. 

6FUEL 

2 S. 

AMERICA 

4/74 

UNKNOWN 

WEATHER 

SAMPLE 

TEMP 

WIND 

CLOUD 

LAB 

TIME  HRS 

DATE 

AIR 

H20 

KPH 

COVER 

COND 

610101 

48 

5/10/74 

10 

13 

13 

4 

0*0*0 

610103 

336 

5/22/74 

17 

14 

15 

4 

0*0*0 

610201 

48 

5/10/74 

15 

10 

6 

4 

0*0*0 

610202 

168 

5/15/74 

16 

15 

5 

4 

0*0*0 

610203 

336 

5/22/74 

20 

18 

5 

4 

0*0*0 

610301 

48 

9/26/74 

19 

15 

0 

13 

2*5*0 

610302 

168 

10/  1/74 

19 

15 

0 

13 

2*5*0 

610303 

336 

10/  8/74 

19 

15 

0 

13 

2*5*0 

KNOWN 

TYPE  COMPANY 

ORIGIN 

DATE 

RECEIVED 

611  BUNKER  C 

6 

0/  0 

UNKNOWN 

WEATHER 

SAMPLE 

TEMP 

WIND 

CLOUD 

LAB 

TIME  HRS 

DATE 

AIR 

H20 

KPH 

COVER 

COND 

611391 

48 

5/21/75 

20 

18 

0 

0 

2*5*0 

611392 

168 

5/26/75 

21 

19 

0 

0 

2*5*0 

KNOWN 

TYPE  COMPANY 

ORIGIN 

DATE 

RECEIVED 

612  NO. 

6FUEL 

17  U. 

R 

.1. 

5/74 

AI-20 


TABLE  AI-I.  INFORMATIONAL  DATA  ON  UNWEATHERED  AND  WEATHERED  OILS 


UNKNOWN 

WEATHER 

SAMPLE 

TEMP 

WIND 

CLOUD 

LAB 

TIME  HRS 

DATE 

AIR 

H20 

KPH 

COYER 

COND 

612111 

48 

5/10/74 

10 

13 

13 

4 

OfOfO 

612113 

336 

5/22/74 

17 

14 

13 

4 

OfOfO 

612121 

48 

6/  1/74 

17 

16 

10 

3 

0t0,0 

612122 

168 

6/  6/74 

19 

17 

12 

4 

OfOfO 

612123 

336 

6/13/74 

99 

17 

12 

3 

OfOfO 

612131 

48 

6/20/74 

26 

20 

13 

3 

OfOfO 

612133 

336 

7/  2/74 

23 

24 

4 

30 

OfOfO 

612142 

168 

7/17/24 

27 

21 

12 

3 

OtOtO 

612143 

336 

7/24/74 

26 

22 

13 

3 

OtOfO 

612151 

48 

8/  1/74 

24 

24 

10 

4 

OfOfO 

612152 

168 

8/  6/74 

26 

23 

12 

4 

OfOfO 

612153 

36 

8/13/74 

26 

23 

11 

4 

Of  Of  0 

612212 

168 

5/15/74 

16 

15 

5 

4 

Of  OfO 

612213 

336 

5/22/74 

20 

18 

5 

4 

OfOf  0 

612221 

48 

6/  1/74 

20 

18 

4 

3 

OfOf  0 

612222 

168 

6/  6/74 

23 

22 

5 

4 

Of  OfO 

612223 

336 

6/13/74 

23 

26 

5 

3 

Of  OfO 

612231 

48 

6/20/74 

26 

25 

5 

3 

Of  OfO 

612232 

168 

6/25/74 

25 

26 

4 

3 

Of  OfO 

612233 

336 

7/  2/74 

23 

24 

4 

3 

Of  Of  0 

612241 

48 

7/12/74 

25 

24 

6 

3 

Of  Of  0 

612243 

336 

7/24/74 

26 

28 

3 

3 

OfOf  0 

612251 

48 

8/  1/74 

29 

25 

5 

3 

Of  Of  0 

612252 

168 

8/  6/74 

29 

27 

6 

3 

OfOfO 

612253 

336 

8/13/74 

27 

26 

4 

4 

OfOf  0 

612261 

48 

8/  1/74 

29 

21 

5 

30 

OfOfO 

612262 

168 

8/  6/74 

29 

20 

6 

30 

OfOfO 

612312 

168 

8/  4/74 

21 

21 

0 

22 

2 f 5 f 0 

612313 

336 

8/12/74 

23 

20 

0 

17 

2 f 5 f 0 

612321 

48 

8/23/74 

27 

21 

0 

24 

2 f 5 f 0 

612322 

168 

8/28/74 

26 

21 

0 

20 

2f  5f  0 

612323 

336 

9/  4/74 

24 

21 

0 

28 

2 f 5 f 0 

612331 

48 

9/26/74 

19 

15 

0 

13 

2f  5f  0 

612332 

168 

10/  1/74 

19 

15 

0 

13 

2 f 5 f 0 

612333 

336 

10/  8/74 

19 

15 

0 

13 

2 f 5 f 0 

612341 

48 

12/17/74 

23 

17 

5 

12 

2f  3f  5 

612342 

168 

12/22/74 

23 

17 

5 

12 

2 f 3 f 5 

612343 

336 

12/29/74 

23 

17 

5 

12 

2 f 3 f 5 

612351 

48 

12/17/74 

23 

17 

5 

n 

3 f 5 f 0 

612352 

168 

12/22/74 

23 

17 

5 

2 

3 f 5 f 0 

612361 

48 

12/17/74 

23 

22 

5 

2 

3 f 5 f 0 

612362 

168 

12/22/74 

23 

22 

5 

2 

3 f 5 f 0 

612371 

48 

12/17/74 

23 

17 

5 

9 

3f  OfO 

612372 

168 

12/22/74 

23 

17 

5 

9 

3f  Of  0 

A I - 2 1 


TABLE  AI-I ♦ INFORMATIONAL  DATA  ON  UNWEATHERED  AND  WEATHERED  OILS 


KNOWN 

TYPE  COMPANY 

ORIGIN 

DATE 

RECEIVED 

613  BUNKER  C 

18 

GACH 

' SARAN 

5/74 

UNKNOWN 

WEATHER 

SAMPLE 

TEMP 

WIND 

CLOUD 

LAB 

TIME  HRS 

DATE 

AIR 

H20 

KPH 

COVER 

COND 

613101 

48 

8/  1/74 

24 

24 

10 

4 

OfOfO 

613102 

168 

8/  6/74 

26 

23 

12 

4 

OfOfO 

613103 

336 

8/13/74 

26 

23 

11 

4 

OfOfO 

613201 

48 

8/  1/74 

29 

25 

5 

3 

OfOfO 

613202 

168 

8/  6/74 

29 

27 

6 

3 

OfOfO 

613203 

336 

8/13/74 

27 

26 

4 

4 

OfOfO 

613301 

48 

8/23/74 

27 

21 

0 

24 

2f5f0 

613302 

168 

8/28/74 

26 

21 

0 

20 

2f5f0 

613303 

336 

9/  4/74 

24 

21 

0 

28 

2f5f0 

KNOWN 

TYPE  COMPANY 

ORIGIN 

DATE 

RECEIVED 

614  NO. 

6 

14 

PROVIDENCE 

6/74 

UNKNOWN 

WEATHER 

SAMPLE 

TEMP 

WIND 

CLOUD 

LAB 

TIME  HRS 

DATE 

AIR 

H20 

KPH 

COVER 

COND 

614101 

48 

6/20/74 

26 

20 

13 

3 

OfOfO 

614102 

168 

6/25/74 

21 

20 

12 

3 

OfOfO 

614201 

48 

6/20/74 

26 

25 

5 

3 

OfOfO 

614203 

336 

7/  2/74 

23 

24 

4 

3 

OfOfO 

614341 

48 

8/14/75 

26 

22 

0 

0 

2f5f6 

614342 

168 

8/19/75 

25 

23 

0 

0 

2 f 5 f 6 

614343 

336 

8/26/75 

23 

22 

0 

0 

2 f 5 f 6 

KNOWN 

TYPE  COMPANY 

ORIGIN 

DATE 

RECEIVED 

615  NO. 

6FUEL 

35 

8/74 

616  NO. 

5FUEL 

40 

8/74 

UNKNOWN 

WEATHER 

SAMPLE 

TEMP 

WIND 

CLOUD 

LAB 

TIME  HRS 

DATE 

AIR 

H20 

KPH 

COVER 

COND 

616371 

48 

3/12/75 

21 

19 

0 

8 

2f5fO 

616372 

168 

3/17/75 

20 

18 

0 

8 

2 f 5 f 0 

616373 

336 

3/24/75 

21 

19 

0 

8 

2 f 5 f 0 

616451 

48 

4/  4/75 

0 

7 

20 

2 

OfOfO 

616452 

168 

4/  9/75 

0 

7 

12 

3 

OfOfO 

616453 

336 

4/16/75 

5 

7 

18 

1 

OfOfO 

KNOWN 

TYPE  COMPANY 

ORIGIN 

DATE 

RECEIVED 

617  NO. 

6FUEL 

40 

8/74 

UNKNOWN 

WEATHER 

SAMPLE 

TEMP 

WIND 

CLOUD 

LAB 

TIME  HRS 

DATE 

AIR 

H20 

KPH 

COVER 

COND 

617381 

48 

4/18/75 

23 

21 

0 

0 

2 f 5 f 6 

617382 

168 

4/23/75 

22 

20 

0 

0 

2 f 5 f 6 

617451 

48 

4/  4/75 

0 

7 

20 

2 

OfOfO 

617452 

168 

4/  9/75 

0 

7 

12 

3 

OfOfO 

617453 

336 

4/16/75 

5 

7 

18 

1 

OfOfO 

AI-22 


TABLE  AI-I 


INFORMATIONAL  DATA  ON  UNWEATHERED  AND  WEATHERED  OILS 


KNOWN 

TYPE  COMPANY 

ORIGIN 

DATE 

RECEIVED 

618  NO. 

5FUEL 

39 

8/74 

UNKNOWN 

WEATHER 

SAMPLE 

TEMP 

WIND 

CLOUD 

LAB 

TIME  HRS 

DATE 

AIR 

H20 

KPH 

COVER 

COND 

618301 

48 

3/12/75 

21 

19 

0 

8 

2*5,0 

618302 

168 

3/17/75 

20 

18 

0 

8 

2,5,0 

618303 

336 

3/24/75 

21 

19 

0 

8 

2,5,0 

618401 

48 

10/22/75 

16 

17 

2 

30 

0,0*0 

KNOWN 

TYPE  COMPANY 

ORIGIN 

DATE 

RECEIVED 

619  NO. 

6FUEL 

21 

8/74 

UNKNOWN 

WEATHER 

SAMPLE 

TEMP 

WIND 

CLOUD 

LAB 

TIME  HRS 

DATE 

AIR 

H20 

KPH 

COVER 

COND 

619381 

48 

4/18/75 

23 

21 

0 

0 

2,5,6 

619382 

168 

4/23/75 

22 

20 

0 

0 

2,5,6 

619383 

336 

4/30/75 

22 

21 

0 

0 

2,5,6 

619491 

48 

7/11/75 

25 

22 

10 

4 

0,0,0 

619492 

168 

7/16/75 

28 

24 

8 

5 

0,0,0 

619493 

336 

7/23/75 

30 

25 

10 

5 

0,0,0 

KNOWN 

TYPE  COMPANY 

ORIGIN 

DATE 

RECEIVED 

620  BUNKER  C 

2 

MARINE 

8/74 

UNKNOWN 

WEATHER 

SAMPLE 

TEMP 

WIND 

CLOUD 

LAB 

TIME  HRS 

DATE 

AIR 

H20 

KPH 

COVER 

COND 

620301 

48 

3/12/75 

21 

19 

0 

8 

2,5,0 

620302 

168 

3/17/75 

20 

18 

0 

8 

2,5,0 

620303 

336 

3/24/75 

21 

19 

0 

8 

2,5,0 

620441 

48 

3/20/75 

6 

5 

10 

3 

0,0,0 

620442 

168 

3/25/75 

9 

7 

10 

2 

0,0,0 

620443 

336 

4/  1/75 

4 

7 

12 

3 

0,0,0 

KNOWN 

TYPE  COMPANY 

ORIGIN 

DATE 

RECEIVED 

621  HOY 

F.O. 

42 

OGDEN  WABASH 

8/74 

622  HOY 

F.O. 

42 

M. 

V.  ARION 

8/74 

UNKNOWN 

WEATHER 

SAMPLE 

TEMP 

WIND 

CLOUD 

LAB 

TIME  HRS 

DATE 

AIR 

H20 

KPH 

COVER 

COND 

622311 

48 

1/22/75 

17 

12 

0 

24 

2,5,0 

622312 

168 

1/27/75 

18 

12 

0 

24 

2,5,0 

622313 

336 

2/  3/75 

18 

12 

0 

13 

2,5,0 

622381 

48 

4/18/75 

23 

21 

0 

0 

2,5,6 

622382 

168 

4/23/75 

22 

20 

0 

0 

2,5,6 

622383 

336 

4/30/75 

22 

21 

0 

0 

2,5,6 

622411 

48 

1/17/75 

0 

6 

11 

4 

0,0,0 

622412 

168 

1/22/75 

0 

4 

12 

3 

0,0,0 

622413 

336 

1/29/75 

0 

4 

11 

o 

0,0,0 

622451 

48 

4/  4/75 

0 

7 

20 

2 

0,0,0 

622452 

168 

4/  9/75 

0 

7 

12 

3 

0,0,0 

AI-23 


r 


TABLE  AI 

-I.  INFORMATIONAL  DATA 

ON  UNWEATHERED  AND 

WEATHERED  OILS 

UNKNOWN 

WEATHER 

SAMPLE 

TEMP 

WIND 

CLOUD 

LAB 

TIME  HRS 

DATE 

AIR 

H20 

KPH 

COVER 

COND 

622453 

336 

4/16/75 

5 

7 

18 

1 

OfOfO 

KNOWN 

TYPE 

COMPANY 

ORIGIN 

DATE 

RECEIVED 

623  NO. 

6FUEL 

42  MESSENIAKI  BERGAN 

10/74 

UNKNOWN 

WEATHER- 

SAMPLE 

TEMP 

WIND 

CLOUD 

LAB 

TIME  HRS 

DATE 

AIR 

H20 

KPH 

COVER 

COND 

623101 

24 

10/10/74 

20 

17 

13 

30 

0,0,0 

623102 

168 

10/15/74 

20 

17 

20 

40 

0.0.0 

623301 

48 

10/24/74 

20 

16 

0 

14 

2.5.0 

623302 

168 

10/29/74 

19 

16 

0 

12 

2.5.0 

623303 

336 

11/  5/74 

20 

16 

0 

1 2 

2.5.0 

623381 

48 

3/28/75 

21 

19 

0 

2 

5.0.0 

623382 

168 

3/30/75 

21 

19 

0 

n 

Am 

5.0.0 

623451 

24 

4/  3/75 

0 

7 

20 

2 

0.0.0 

623452 

48 

4/  4/75 

0 

7 

20 

2 

0.0.0 

623453 

168 

4/  9/75 

0 

7 

12 

3 

0.0.0 

623454 

336 

4/16/75 

5 

7 

18 

1 

0.0.0 

KNOWN 

TYPE 

COMPANY 

ORIGIN 

DATE 

RECEIVED 

624  NO. 

6FUEL 

42  MESSENIAKI  BERGAN 

10/74 

UNKNOWN 

WEATHER 

SAMPLE 

TEMP 

WIND 

CLOUD 

LAB 

TIME  HRS 

DATE 

AIR 

H20 

KPH 

COVER 

COND 

624101 

24 

10/10/74 

20 

17 

13 

30 

0.0.0 

624102 

168 

10/15/74 

20 

17 

20 

40 

0.0.0 

624342 

168 

8/19/75 

25 

23 

0 

0 

2.5.6 

624343 

336 

8/26/75 

23 

22 

0 

0 

2.5.6 

624451 

48 

4/  4/75 

0 

7 

20 

2 

0.0.0 

624452 

168 

4/  9/75 

0 

7 

12 

3 

0.0.0 

624453 

336 

4/16/75 

5 

7 

18 

1 

0.0,0 

KNOWN 

TYPE 

COMPANY 

ORIGIN 

DATE 

RECEIVED 

625  NO. 

6FUEL 

43  PAWTUCKET , R.I. 

10/74 

UNKNOWN 

WEATHER 

SAMPLE 

TEMP 

WIND 

CLOUD 

LAB 

TIME  HRS 

DATE 

AIR 

H20 

KPH 

COVER- 

COND 

625301 

48 

10/24/74 

20 

16 

0 

14 

2,5,0 

625302 

168 

10/29/74 

19 

16 

0 

12 

2,5,0 

625303 

336 

11/  5/74 

20 

16 

0 

12 

2,5,0 

KNOWN 

TYPE 

COMPANY 

ORIGIN 

DATE 

RECEIVED 

626  NO. 

6F0 

17  U . R 

. I . 

1/75 

UNKNOWN 

WEATHER- 

SAMPLE 

TEMP 

WIND 

CLOUD 

LAB 

TIME  HRS 

DATE 

AIR 

H20 

KPH 

COVER 

COND 

626121 

48 

1/28/75 

n 

A. 

4 

13 

o 

0,0,0 

626122 

168 

2/  2/75 

1 

4 

10 

o 

0,0,0 

626123 

336 

2/  9/75 

0 

4 

11 

n 

0,0,0 

626311 

48 

6/12/75 

26 

22 

0 

0 

2,4,6 

A 


AI-24 


TABLE  AI- 

I.  INFORMATIONAL  DATA 

ON  UNWEATHERED  AND 

WEATHERED  OILS 

UNKNOUN 

WEATHER 

SAMPLE 

TEMP 

WIND 

CLOUD 

LAB 

TIME  HRS 

DATE 

AIR- 

H20 

KPH 

COVER 

COND 

626312 

168 

6/17/75 

26 

22 

0 

0 

2,4*6 

626313 

336 

6/24/75 

26 

22 

0 

0 

2,4,6 

626321 

48 

7/  3/75 

26 

22 

0 

0 

2,5,6 

626322 

168 

7/  8/75 

25 

21 

0 

0 

2,5,6 

626323 

336 

7/15/75 

25 

21 

0 

0 

2,5,6 

626351 

48 

1/22/75 

17 

12 

0 

24 

2,5,0 

626352 

168 

1/27/75 

18 

12 

0 

24 

2,5,0 

626353 

336 

2/  3/75 

18 

12 

0 

13 

2,5,0 

626371 

48 

3/12/75 

20 

18 

0 

8 

2,5,0 

626372 

192 

3/18/75 

20 

18 

0 

8 

2,5,6 

626373 

336 

3/24/75 

21 

19 

0 

8 

2,5,0 

626381 

48 

4/18/75 

23 

21 

0 

0 

2,5,6 

626382 

168 

4/23/75 

22 

20 

0 

0 

2,5,6 

626383 

336 

4/30/75 

22 

21 

0 

0 

2,5,6 

626391 

48 

5/21/75 

20 

18 

0 

0 

2,5,0 

626392 

168 

5/26/75 

21 

19 

0 

0 

2,5,0 

626393 

336 

6/  3/75 

23 

20 

0 

0 

2,5,0 

626411 

48 

1/17/75 

0 

6 

11 

4 

0,0,0 

626412 

168 

1/22/75 

0 

4 

12 

3 

0,0,0 

626413 

336 

1/29/75 

0 

4 

11 

n 

Am 

0,0,0 

626421 

48 

1/28/75 

2 

4 

13 

2 

0,0,0 

626422 

168 

2/  2/75 

1 

4 

10 

2 

0,0,0 

626423 

336 

2/  9/75 

0 

4 

10 

2 

0,0,0 

626431 

48 

2/  5/75 

0 

4 

10 

3 

0,0,0 

626432 

168 

2/10/75 

0 

4 

10 

3 

0,0,0 

626433 

552 

2/26/75 

0 

4 

10 

n 

0,0,0 

626441 

48 

3/20/75 

6 

5 

10 

3 

0,0,0 

626442 

168 

3/25/75 

9 

7 

10 

n 

0,0,0 

626443 

336 

4/  1/75 

4 

7 

12 

3 

0,0,0 

626451 

48 

4/  4/75 

0 

7 

20 

9 

0,0,0 

626452 

168 

4/  9/75 

0 

7 

12 

3 

0,0,0 

626453 

336 

4/16/75 

5 

7 

18 

1 

0,0,0 

626461 

48 

4/30/75 

14 

10 

9 

5 

0,0,0 

626462 

168 

5/  5/75 

8 

10 

18 

1 

0,0,0 

626463 

336 

5/12/75 

16 

12 

12 

5 

0,0,0 

626481 

48 

6/20/75 

29 

23 

4 

5 

0,0,0 

626482 

168 

6/25/75 

29 

24 

15 

5 

0,0,0 

626483 

336 

7/  2/75 

29 

25 

14 

5 

0,0,0 

62671 1 

48 

1/17/75 

0 

6 

11 

4 

0,0,0 

626712 

168 

1/22/75 

0 

4 

12 

3 

0,0,0 

626731 

48 

2/  5/75 

0 

4 

10 

3 

0,0,0 

626732 

168 

2/10/75 

0 

4 

10 

3 

0,0,0 

626733 

552 

2/26/75 

0 

4 

10 

9 

0,0,0 

626734 

552 

2/26/75 

1 

4 

10 

20 

0,0,0 

626812 

168 

1/22/75 

0 

4 

12 

3 

0,0,0 

626813 

336 

1/29/75 

0 

4 

11 

n 

0,0*0 

AI-25 


TABLE  AI-I 


INFORMATIONAL  DATA  ON  UNWEATHERED  AND  WEATHERED  OILS 


UNKNOWN  WEATHER 

SAMPLE  TEMP 

WIND 

CLOUD 

LAB 

TIME  HRS 

DATE  AIR  H20 

KPH 

COVER 

COND 

626831 

48 

2/  5/75  0 4 

10 

3 

OfOfO 

626832 

168 

2/10/75  0 4 

10 

3 

OfOfO 

KNOWN 

TYPE 

COMPANY  ORIGIN 

DATE  RECEIVED 

627 

N0.6FUEL 

48 

PROVIDENCE 

4/75 

628 

N0.6FUEL 

44 

PROVIDENCE 

7/75 

629 

N0.6FUEL 

44 

PROVIDENCE 

7/75 

630 

N0.6FUEL 

48 

PROVIDENCE 

7/75 

701 

HVYFCGAS 

1 

10/73 

702 

SAYBOLT 

1 

10/73 

703 

SAYBOLT 

1 

10/73 

704 

OIL  27 

12 

7/73 

705 

MTR  OIL 

12 

7/73 

707 

OIL  33 

12 

7/73 

708 

CMPSSR 

12 

7/73 

709 

HVYVCGAS 

8 

MID-CONTINENT 

4/74 

710 

VC . GAS 

8 

LAGOMEDIO 

4/74 

711 

LT.NPTHA 

7 

1/73 

712 

HVYNPTHA 

7 

1/73 

713 

HVYNPTHA 

7 

1/73 

714 

LT.NPTHA 

7 

1/73 

715 

HVYNPTHA 

7 

1/73 

716 

LT.NPTHA 

7 

1/73 

717 

DIESEL 

8 

MIDCONTINENT 

4/74 

UNKNOWN  WEATHER 

SAMPLE  TEMP 

WIND 

CLOUD 

LAB 

TIME  HRS 

DATE  AIR  H20 

KPH 

COVER 

COND 

717391 

48 

5/21/75  20  18 

0 

0 

2f5f0 

717392 

168 

5/26/75  21  19 

0 

0 

2 f 5 f 0 

717393 

336 

6/  3/75  23  20 

0 

0 

2*  5 » 0 

KNOWN 

TYPE 

COMPANY 

ORIGIN 

DATE 

RECEIVED 

718  HVYVCGAS 

8 

SOUR 

W. 

TEXAS 

4/74 

719  LT. 

CYGAS 

1 

10/73 

801  LUBE  OIL 

19 

8/74 

UNKNOWN 

WEATHER 

SAMPLE 

TEMP 

WIND 

CLOUD 

LAB 

TIME  HRS 

DATE 

AIR 

H20 

KPH 

COVER 

COND 

801301 

48 

4/18/75 

23 

21 

0 

0 

2f5f6 

801302 

168 

4/23/75 

22 

20 

0 

0 

2r  5 f 6 

801303 

336 

4/30/75 

22 

21 

0 

0 

2f5f6 

801491 

48 

7/11/75 

25 

22 

10 

4 

OfOfO 

801492 

168 

7/16/75 

28 

24 

8 

5 

OfOfO 

801493 

336 

7/23/75 

30 

25 

10 

5 

OfOfO 

KNOWN 

TYPE 

COMPANY 

ORIGIN 

DATE 

RECEIVED 

802  HYDRAULC  2 8/74 


AI-26 


t 


TABLE  AI-I 


INFORMATIONAL  DATA  ON  UNWEATHERED  AND  WEATHERED  OILS 


UNKNOWN 

WEATHER 

SAMPLE 

TIME  HRS 

DATE 

802301 

48 

4/18/75 

802302 

168 

4/23/75 

802303 

336 

4/30/75 

802491 

48 

7/11/75 

802492 

168 

7/16/75 

802493 

336 

7/23/75 

KNOWN 

TYPE 

COMPANY 

803  LUBE 

OIL 

7 

804  HYDRAULC 

27 

UNKNOWN 

WEATHER 

SAMPLE 

TIME  HRS 

DATE 

804343 

336 

8/26/75 

804411 

48 

8/  7/75 

804412 

168 

8/12/75 

804413 

336 

8/19/75 

KNOWN 

TYPE 

COMPANY 

805  LUBE 

OIL 

0 

UNKNOWN 

WEATHER 

SAMPLE 

TIME  HRS 

DATE 

805201 

48 

11/  1/74 

805202 

168 

11/  5/74 

805203 

336 

11/12/74 

805341 

48 

8/14/75 

805343 

336 

8/26/75 

805411 

48 

8/  7/75 

805412 

168 

8/12/75 

805413 

336 

8/19/75 

KNOWN 

TYPE 

COMPANY 

806  MOTOROIL 

41 

UNKNOWN 

WEATHER 

SAMPLE 

TIME  HRS 

DATE 

806201 

48 

11/  1/74 

806202 

168 

11/  5/74 

806203 

336 

11/12/74 

806301 

48 

10/24/74 

806302 

168 

10/29/74 

806303 

336 

11/  5/74 

806491 

48 

7/11/75 

806492 

168 

7/16/75 

806493 

336 

7/23/75 

KNOWN  TYPE  COMPANY 

807  TRANSMSN  44 


TEMP 

WIND 

CLOUD 

LAB 

AIR 

H20 

KPH 

COVER 

COND 

23 

21 

0 

0 

2 f 5 f 6 

22 

20 

0 

0 

2 r 5 ? 6 

22 

21 

0 

0 

2»  5 » 6 

25 

22 

10 

4 

OfOfO 

28 

24 

8 

5 

OfOfO 

30 

25 

10 

5 

OfOfO 

ORIGIN 

DATE 

RECEIVED 

8/74 

8/74 

TEMP 

WIND 

CLOUD 

LAB 

AIR 

H20 

KPH 

COVER 

COND 

23 

22 

0 

0 

2 f 5 f 0 

26 

23 

15 

1 

OfOfO 

30 

26 

8 

5 

OfOfO 

32 

30 

8 

5 

OfOfO 

ORIGIN 

DATE 

RECEIVED 

8/74 

TEMP 

WIND 

CLOUD 

LAB 

AIR 

H20 

KPH 

COVER 

COND 

3 

2 

17 

2 

OfOfO 

3 

2 

12 

5 

OfOfO 

8 

3 

9 

3 

OfOfO 

26 

22 

0 

0 

2 f 5 f 6 

23 

22 

0 

0 

2 f 5 f 6 

26 

23 

15 

1 

OfOfO 

30 

26 

8 

5 

OfOfO 

32 

30 

8 

5 

OfOfO 

ORIGIN 

DATE 

RECEIVED 

8/74 

TEMP 

WIND 

CLOUD 

LAB 

AIR 

H20 

KPH 

COVER 

COND 

3 

2 

17 

2 

OfOfO 

3 

2 

12 

5 

OfOfO 

8 

3 

9 

3 

OfOfO 

20 

16 

0 

14 

2 f 5 f 0 

19 

16 

0 

12 

2 f 5 f 0 

20 

16 

0 

12 

2 f 5 f 0 

25 

22 

10 

4 

OfOfO 

28 

24 

8 

5 

OfOfO 

30 

25 

10 

5 

OfOfO 

ORIGIN 

DATE 

RECEIVED 

8/74 
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TABLE  AI-I » INFORMATIONAL  DATA  ON  UNWEATHERED  AND  WEATHERED  OILS 


UNKNOWN 

WEATHER 

SAMPLE 

TEMP 

WIND 

CLOUD 

LAB 

TIME  HRS 

DATE 

AIR 

H20 

KPH 

COVER 

COND 

807201 

48 

11/  1/74 

3 

n 

dm 

17 

2 

OrOfO 

807202 

168 

11/  5/74 

3 

2 

12 

5 

OfOfO 

807203 

336 

11/12/74 

8 

3 

9 

3 

OfOfO 

807301 

48 

10/24/74 

20 

16 

0 

14 

2»5»0 

807302 

168 

10/29/74 

19 

16 

0 

12 

2 » 5»  0 

807303 

336 

11/  5/74 

20 

16 

0 

12 

2»5»0 

807491 

48 

7/11/75 

25 

22 

10 

4 

OfOtO 

807492 

168 

7/16/75 

28 

24 

8 

5 

OfOfO 

807493 

336 

7/23/75 

30 

25 

10 

5 

OfOfO 

KNOWN 

TYPE  COMPANY 

ORIGIN 

DATE 

RECEIVED 

808  MOTOROIL 

7 

8/74 

UNKNOWN 

WEATHER 

SAMPLE 

TEMP 

WIND 

CLOUD 

LAB 

TIME  HRS 

DATE 

AIR 

H20 

KPH 

COVER 

COND 

808201 

48 

11/  1/74 

3 

2 

17 

2 

OfOfO 

808202 

168 

11/  5/74 

3 

2 

12 

5 

OfOfO 

808203 

336 

11/12/74 

8 

3 

9 

3 

OfOfO 

808301 

48 

10/24/74 

20 

16 

0 

14 

2 f 5 f 0 

808302 

168 

10/29/74 

19 

16 

0 

12 

2f5f0 

808303 

336 

11/  5/74 

20 

16 

0 

12 

2 f 5 f 0 

808461 

48 

4/30/75 

14 

10 

9 

5 

OfOfO 

808462 

168 

5/  5/75 

8 

10 

18 

1 

OfOfO 

808463 

336 

5/12/75 

16 

12 

12 

5 

OfOfO 

808491 

48 

7/11/75 

25 

22 

10 

4 

OfOfO 

808492 

168 

7/16/75 

28 

24 

8 

5 

OfOfO 

808493 

336 

7/23/75 

30 

25 

10 

5 

OfOfO 

KNOWN 

TYPE  COMPANY 

ORIGIN 

DATE 

RECEIVED 

809  MOTOROIL 

7 

8/74 

UNKNOWN 

WEATHER 

SAMPLE 

TEMP 

WIND 

CLOUD 

LAB 

TIME  HRS 

DATE 

AIR 

H20 

KPH 

COVER 

COND 

809201 

48 

11/  1/74 

3 

o 

dm 

17 

2 

OfOfO 

809202 

168 

11/  5/74 

3 

2 

12 

5 

OfOfO 

809203 

336 

11/12/74 

8 

3 

9 

3 

OfOfO 

809301 

48 

10/24/74 

20 

16 

0 

14 

2f  5f  0 

809302 

168 

10/29/74 

19 

16 

0 

12 

2 f 5 f 0 

809303 

336 

11/  5/74 

20 

16 

0 

12 

2f  5f  0 

809411 

48 

8/  7/75 

26 

23 

15 

1 

OfOfO 

809412 

168 

8/12/75 

30 

26 

8 

5 

OfOfO 

KNOWN 

TYPE  COMPANY 

ORIGIN 

DATE 

RECEIVED 

810  II 

CYCLE 

41 

8/74 

UNKNOWN 

WEATHER 

SAMPLE 

TEMP 

WIND 

CLOUD 

LAB 

TIME  HRS 

DATE 

AIR 

H20 

KPH 

COVER 

COND 

810301 

48 

10/24/74 

20 

16 

0 

14 

2 f 5 f 0 

810302 

168 

10/29/74 

19 

16 

0 

12 

2 f 5 f 0 

AI-28 


TABLE  AI-I » INFORMATIONAL  DATA  ON  UNUEATHERED  AND  WEATHERED  OILS 


UNKNOWN 

WEATHER 

SAMPLE 

TEMP 

WIND 

CLOUD 

LAB 

TIME  HRS 

DATE 

AIR 

H20 

KPH 

COVER 

COND 

810303 

336 

11/  5/74 

20 

16 

0 

12 

2 f 5 f 0 

810321 

48 

1/22/75 

17 

12 

0 

24 

2 1 5 f 0 

810322 

168 

1/27/75 

18 

12 

0 

24 

2 f 5 » 0 

810323 

336 

2/  3/75 

18 

12 

0 

13 

2f5f0 

810431 

48 

2/  5/75 

0 

4 

10 

3 

OfOfO 

810432 

168 

2/10/75 

0 

4 

10 

3 

OfOfO 

KNOWN 

TYPE  COMPANY 

ORIGIN 

DATE 

RECEIVED 

811  LUBE 

OIL 

7 

PROVIDENCE 

5/75 

UNKNOWN 

WEATHER 

SAMPLE 

TEMP 

WIND 

CLOUD 

LAB 

TIME  HRS 

DATE 

AIR 

H20 

KPH 

COVER 

COND 

811311 

48 

6/12/75 

26 

22 

0 

0 

2f  4f6 

811312 

168 

6/17/75 

26 

22 

0 

0 

2f4f6 

811313 

336 

6/24/75 

26 

22 

0 

0 

2f4f6 

811471 

48 

5/29/75 

26 

18 

9 

5 

OfOfO 

811472 

168 

6/  3/75 

22 

17 

4 

5 

OfOfO 

KNOWN 

TYPE  COMPANY 

ORIGIN 

DATE 

RECEIVED 

812  LUBE 

OIL 

7 

PROVIDENCE 

5/75 

UNKNOWN 

WEATHER 

SAMPLE 

TEMP 

WIND 

CLOUD 

LAB 

TIME  HRS 

DATE 

AIR 

H20 

KPH 

COVER 

COND 

812311 

48 

6/12/75 

26 

22 

0 

0 

2 f 4 f 6 

812312 

168 

6/17/75 

26 

22 

0 

0 

2 f 4 f 6 

812313 

336 

6/24/75 

26 

22 

0 

0 

2 f 4 f 6 

812411 

48 

8/  7/75 

26 

23 

15 

1 

OfOfO 

812412 

168 

8/12/75 

30 

26 

8 

5 

OfOfO 

KNOWN 

TYPE  COMPANY 

ORIGIN 

DATE 

RECEIVED 

813  LUBE 

OIL 

7 

PROVIDENCE 

5/75 

UNKNOWN 

WEATHER 

SAMPLE 

TEMP 

WIND 

CLOUD 

LAB 

TIME  HRS 

DATE 

AIR 

H20 

KPH 

COVER 

COND 

813311 

48 

6/12/75 

26 

22 

0 

0 

2 f 4 f 6 

813312 

168 

6/17/75 

26 

22 

0 

0 

2 f 4 f 6 

813313 

336 

6/24/75 

26 

22 

0 

0 

2f4f6 

813471 

48 

5/29/75 

26 

18 

12 

5 

OfOfO 

813473 

336 

6/10/75 

25 

18 

10 

5 

OfOfO 

KNOWN 

TYPE  COMPANY 

ORIGIN 

DATE 

RECEIVED 

814  LUBE 

OIL 

7 

PROVIDENCE 

5/75 

UNKNOWN 

WEATHER 

SAMPLE 

TEMP 

WIND 

CLOUD 

LAB 

TIME  HRS 

DATE 

AIR 

H 20 

KPH 

COVER 

COND 

814311 

48 

6/12/75 

26 

22 

0 

0 

2 f 4 f 6 

814312 

168 

6/17/75 

26 

22 

0 

0 

2f4f6 

814313 

336 

6/24/75 

26 

Mm  Mm 

0 

0 

2 f 4 f 6 

814471 

48 

5/29/75 

26 

18 

12 

5 

OfOfO 

814472 

168 

6/  3/75 

22 

17 

4 

5 

OfOfO 

TABLE  AI-I . INFORMATIONAL  DATA  ON  UNWEATHERED  AND  WEATHERED  OILS 


KNOWN 

TYPE 

COMPANY 

ORIGIN 

DATE 

RECEIVED 

815  94G0LDEN 

7 PROVIDENCE 

7/75 

UNKNOWN 

WEATHER 

SAMPLE 

TEMP 

WIND 

CLOUD 

LAB 

TIME  HRS 

DATE 

AIR 

H20 

KPH 

COVER 

COND 

815341 

48 

8/14/75 

26 

22 

0 

0 

2*5*0 

815343 

336 

8/26/75 

23 

22 

0 

0 

2*5*0 

815411 

48 

8/  7/75 

26 

23 

15 

1 

OtOtO 

815412 

168 

8/12/75 

30 

26 

8 

5 

0*0*0 

KNOWN 

TYPE 

COMPANY 

ORIGIN 

DATE 

RECEIVED 

816  SSR 

510 

7 PROVIDENCE 

7/75 

UNKNOWN 

WEATHER 

SAMPLE 

TEMP 

WIND 

CLOUD 

LAB 

TIME  HRS 

DATE 

AIR 

H20 

KPH 

COVER 

COND 

816341 

48 

8/14/75 

26 

22 

0 

0 

2*5*0 

816342 

168 

8/19/75 

25 

23 

0 

0 

2*5*0 

816343 

336 

8/26/75 

23 

22 

0 

0 

2*5*0 

816411 

48 

8/  7/75 

26 

23 

15 

1 

0*0*0 

KNOWN 

TYPE 

COMPANY 

ORIGIN 

DATE  RECEIVED 

817 

150  B.S. 

7 

PROVIDENCE 

9/75 

818 

510  LUBE 

7 

PROVIDENCE 

9/75 

819 

96G0LDEN 

7 

PROVIDENCE 

9/75 

820 

T-2  LUBE 

7 

PROVIDENCE 

8/75 

821 

91G0LDEN 

7 

PROVIDENCE 

9/75 

822 

T-2  LUBE 

7 

PROVIDENCE 

8/75 

823 

MPM  300 

7 

PROVIDENCE 

8/75 

824 

T-2  LUBE 

7 

PROVIDENCE 

8/75 

825 

SUN  SOLV 

7 

PROVIDENCE 

8/75 

826 

150  B.S. 

7 

PROVIDENCE 

8/75 

827 

150  B.S. 

7 

PROVIDENCE 

8/75 

STOP 

TIME  13.68  SECS. 
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APPENDIX  II 


LISTING  OF  ABSORPTIVITIES  OF  UNWEATHERED ? 


WEATHERED  AND  VACUUMED-TREATED  OILS 


Table  AII-I.  Unweathered  Oils 
Files 


1 Crudes 

2 Crudes 

3 Kerosenes 

4 No*  2 and  No*  4 fuels 

5 Residuum 

6 No.  5 and  No.  6 fuels 

7 Napthas  and  Other  Oils 

8 Lube  Oils 


Table  AII-II.  Weathered  Oils 
F i les 


11  Crudes 

12  Crudes 

14  Kerosenes?  No*  2 and  No.  4 fuels 

16  No.  5 and  No.  6 fuels 

18  Lube  Oils 

20  Repetitive  Weathering  of  Oil  612 

22  New  Haven  Oil  Spill 


Table  AII-III  Vacuum-Treated  Oils. 
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TABLE  AII-I.  ABSORPTIVI TIES  FOR  UNWEATHERED  OILS.  FILE 
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Description  of.  Oils  Listed  in  File  10 


Unweathered,  Evacuated  Oils 


135000 

177000 

607000 

137000 

178000 

612000 

140000 

188000 

616000 

149000 

191000 

617000 

152000 

192000 

618000 

161000 

213000 

622000 

171000 

417000 

623000 

172000 

603000 

624000 

174000 

605000 

626000 

NaCl/H20 

Treated- Evacuated 

Unweathered  Oils 

172900 

192900 

616900 

622900 

188900 

213900 

617900 

623900 

191900 

417900 

618900 

626900 

Evacuated- Weathered  Oils 

172301,302,303 

213102,103,301, 

302,303 

618301,302,303 

188301,302,303 

417301,302,303 

622301,302,305 

191301,302,303 

616401,402,403 

623401,402,403 

192401 

617401,402,403 

626301,302,303 

102,103 

Weathered  Oils 


188371.372.373 

191371.372.373 
192451 


417371,372,373  618371,372,373 

616451.452.453  623451,452,455 

617451.452.453 
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APPENDIX  III.  PROGRAM  LISTINGS  AND  DESCRIPTIONS 
These  proqrams  were  written  for  use  on  the  I.B.M 

170/155  Computer  at  the  University  of  Rhode  island's  Computer 

Science  Center.  The  programs  were  all  written  in  Fortran  and 

should  be  easily  adaptable  to  other  computer  systeas. 

PROGRAM:  I DENT 

PORPOSE:  To  store  and  catalog  informational  data  on 

unweathered  and  weathered  oils  in  computer  data 
files  for  subsequent  display  bv  prograa  INFO. 

METHOD:  For  unweathered  oils,  the  oil's  six  digit  ID  No., 

type  of  oil,  company  from  where  it  was  received, 
date  received  and  origin  are  entered  into  data  file 
IKW.  For  weathered  oils,  the  oil's  six  digit  ID 
No.,  amount  of  weathering  in  hours,  sampling  dates, 
air  and  water  temperatures,  wind  velocities,  cloud 
cover  and  laboratory  conditions  are  entered  into 
data  files  UNKA  thru  UNKJ.  The  oils  are  arranged 
by  increasing  ID  No..  There  are  options  for 
entering  unweathered  data  only,  weathered  data 
only,  both  unweathered  and  weathered  data,  and  for 
selectively  removing  any  of  the  data. 

PROGRAM:  INFO 

PURPOSE:  To  display  in f or aat iona 1 data  on  unweathered  and 

weathered  oils. 

METHOD:  INPO  displays  the  oil  ID  No.,  tvpe  of  oil,  company 

from  where  it  was  received,  date  received,  and 
origin  for  unweathered  oils.  For  weathered  oils  it 
first  displays  the  unweathered  oil  data  followed  by 
the  corresponding  weathered  oil's  six  digit  ID  No., 
amount  of  weathering  in  hours,  sampling  dates,  air 
and  water  temperatures,  wind  velocity,  cloud  cover, 
and  laboratory  conditions.  File  IKK  contains 
unweathered  data  and  files  UN  K A thru  UNFJ  contain 
the  weathered  oil  data.  (These  files  are  modified 
and  maintained  by  program  IDENT) . Options  are 
display  of  one  selected  weathered  oil,  all 
weathering  data  on  one  selected  oil,  all  data  on 
one  type  of  oil,  all  unweathered  data,  and  for  all 
data.  The  displays  are  formatted  for  a width  of  HO 
columns  to  facilitate  display  on  teletypes  and 
CRT's. 

PROGRAM:  TOIL 

PURPOSE:  To  store  v transmission  data  of  an  oil  along  with 

the  oil's  six  digit  ID  No.  , pathlenqth,  tyne  of 
call,  and  window  thickness  if  measured  on  NaCl  in 
computer  data  files  for  subsequent  processing  by 
programs  SEARCH  and  COCO. 

METHOD:  The  * transmissions  at  IB  selected  freauencies  are 

manually  coded  along  with  the  % transmissions  at 
19^0  and  6S0  cm-1.  These  data  along  with  the  oil's 
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six  digit-  10  No.,  the  cell  pathlength  in 
millimeters,  the  type  of  sample  ::ell  (01  for  NaCl, 
02  for  AgCl  and  01  for  *CRr)  „ and  the  window 
thicknesses  in  millimeters,  if  measured  on  NaCl, 
are  then  entered  into  any  of  23  permanent  computer 
files.  The  oils  are  arranged  by  increasing  oil  ID 
No.  Unweathered  oils  are  stored  in  files  1-8  and 
weathered  oils  in  files  11-18.  The  other  files  are 
reserved  for  special  cases  such  as  actual  spills, 
pretrea tment  studies.  Coast  Guard  test  cases,  etc. 
There  are  options  for  selectively  removing  data, 
correcting  and  modifying  data,  displaying  oil  ID 
No.,  and  displaying  oil  ID  No.  along  with  the 
transmission  and  cell  data. 

PROGRAM:  SEARCH 

PURPOSE:  To  compare  18  a bsorpt iv it ies  from  the  infrared 

spectra  of  an  oil  to  those  of  other  oils  by  the 
"ratio  method." 

METHOD:  The  absorpt  iv  it.  ies  are  calculated  from  % 

transmissions  of  18  selected  bands  and  that  of  the 
background.  The  X transmissions  for  the 
"guestionable"  oil  can  be  entered  through  the 
terminal  or  retrieved  from  any  one  of  23  data 
files.  The  * transmissions  for  the  comparison  oils 
are  taken  from  anv  one  of  the  selected  files.  The 
comparison  can  be  made  with  all  of  the  oils  in  the 
file,  or  only  with  those  oils  having  the  same  first 
three  digits  in  the  identification  numbers.  This 
latter  option  makes  it  possible  to  compare  an 
unweathered  oil  with  only  its  weathered  samples,  or 
one  weathered  sample  with  all  other  weathered 
samples  of  the  same  oils. 

For  AgCl  and  KRr  cells,  a linear  baseline  between 
1950  and  650  cm-*  is  calculated;  the  reason  for 
using  a linear  rather  than  a horizontal  baseline  is 
oiven  in  Sec.  IV-D-1-b.  For  NaCl  cells,  the 
baseline  between  810  and  650  cm-*  is  assumed  to 
follow  a cubic  eguation,  and  is  corrected  by  using 
the  e transmission  value  at  650  cm-*  and  the  window 
thickness.  A horizontal  baseline  is  obtained. 

The  number  of  ratios  within  limits  and  the 
probability  of  a correct  match  are  listed;  however, 
there  is  an  option  to  by-Dass  this  listina. 
Finally,  the  log-ratios  can  be  listed  for  any  or 
all  oils. 


PROGRAM:  COCO 

PUPPOSF:  To  calculate  the  correlation  coefficients  between  a 

"guestionable"  oil  and  all  oils  stored  in  one  of 
the  23  computer  data  files. 

METHOD:  The  absorpt ivit ies  are  calculated  from  * 

transmissions  of  18  seleted  bands  and  that  of  the 
background.  The  X transmissions  for  the 
"questionable"  oil  can  be  entered  through  the 


All 1-2 


terminal  or  retrieved  from  any  one  of  23  data 
files.  The  * transnissions  for  the  comparison  oils 
are  taken  fro*  any  one  of  the  selected  files.  The 
comparisons  can  be  made  will  all  of  the  oils  in  the 
file,  or  only  with  those  oils  havinq  the  same  first 
three  diqits  in  the  identification  numbers.  After 
calculatinq  the  correlation  coefficients,  the  oils 
in  the  comparison  file  are  ordered  by  decreasing 
correlation  coefficients,  and  the  identification 
numbers  and  correlation  coefficients  are  listed. 
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1270  * KNUMD(I)  = WEATHERED  OIL  ID  NUMBERS  TO  BE  REMOVED 

1230  * DETERMINE  FILE  NUMBER  <JZ2>  OF  WEATHERED  OILS  TO  BE  REMOVED 

1290  33  DO  50  I = I8rll 

1300  * 18  = COUNT  OF  WEATHERED  OILS  TO  BE  REMOVED  THAT  HAVE  BEEN  PROCESSED 
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APPENDIX  IV.  PUBLICATIONS  AND  PAPERS  PRESENTED  AT  MEETINGS 


Publications : 


1.  "Sampling  of  Oil  Spills  and  Fingerprinting  by  Infrared  Spec- 
troscopy," C.  W.  Brown,  M.  Ahmadjian  and  P.  F.  Lynch,  NBS 
Spec.  Publ . 409,  Marine  Pollution  Monitoring  (1974),  pp. 91-92. 

2.  "Application  of  Cryogenic  Infrared  Spectroscopy  to  Identifi- 
cation of  Petroleum,"  C.  W.  Brown,  P.  R.  Lynch  and  S.-y.  Tang, 
Anal.  Chem.,  4 _7,  1696  (1975). 

3.  "Weathered  Petroleum  - Advantages  of  Using  Infrared  Spectros- 
copy for  Identification,"  C.  W.  Brown,  P.  F.  Lynch,  M. 
Ahmadjian,  and  C.  D.  Baer,  American  Lab.,  7,  (12),  59  (1975). 

4.  "A  Simple  Technique  for  Removing  Water  from  Weathered  Petro- 
leum," C.  W.  Brown,  M.  Ahmadjian,  C.  D.  Baer,  V.  M.  Westervelt, 
D.  F.  Grant  and  A.  P.  Bentz,  Anal.  Chem.,  4_8,  628  (1976). 

5.  "Infrared  Analysis  of  Weathered  Petroleum  Using  Vacuum  Tech- 
niques," C.  W.  Brown,  and  P.  F.  Lynch,  Anal.  Chem.,  A8,  191 
(1976). 

6.  "Infrared  Spectra  of  Petroleum  Weathered  Naturally  and  Under 
Simulated  Conditions,"  C.  W.  Brown,  M.  Ahmadjian,  C.  D.  Baer, 
and  P.  F.  Lynch,  Environ.  Sci.  Technol.,  July  (1976). 

7.  "Matching  Infrared  Spectra  of  Weathered  Petroleum  by  Correla- 
tion Coefficients,"  C.  W.  Brown,  and  C.  D.  Baer,  in  prepara- 
tion. 

8.  "Weathered  Petroleum  - Probability  of  Identification  by  In- 
frared Spectroscopy,"  C.  W.  Brown,  P.  F.  Lynch,  and  M. 
Ahmadjian,  Anal.  Chem.,  submitted  for  publication. 


Papers  at  Meetings: 


1.  "Fingerprinting  Petroleum  Samples  by  Infrared  Spectroscopy," 
C.  W.  Brown,  P.  F.  Lynch,  and  M.  Ahmadjian,  25th  Pittsburgh 
Conference  on  Analytical  Chemistry  and  Applied  Spectroscopy 
(Sym.  on  Fingerprinting  Oil  Spills)  March  4-8,  1974. 

2.  "Techniques  for  Sampling  Weathered  Petroleum  Products  and  for 
Measuring  Their  Infrared  Spectra,"  P.  F.  Lynch,  M.  Ahmadjian, 
and  C.  W.  Brown,  ibid . 


AIV-1 


1 


3.  "Sampling  of  Oil  Spills  and  Fingerprinting  by  Infrared  Spec- 
troscopy," C.  W.  Brown,  M.  Ahmadjian,  and  P.  F.  Lynch,  Marine 
Pollution  Monitoring  (Petroleum)  Symposium  and  Workshop, 
National  Bureau  of  Standards,  May  13-17,  1974. 

4.  "Infrared  Spectroscopic  Identification  of  Oils  on  Water,"  A. 
P.  Bentz  and  C.  W.  Brown,  Residuals  in  Waters  Workshop,  Uni- 
versity of  Connecticut,  June  27-28,  1974. 

5.  "Identification  of  the  Source  of  Oil  by  Infrared  Spectros- 
copy," C.  W.  Brown,  N.S.F.  Workshop  on  "Analytical  Needs  of 
the  Future  as  Applied  to  Coal  Liquefaction,"  Greenbo  Lake, 
Kentucky,  August  21-23,  1974. 

6.  "Tracing  the  Source  of  Oil  Slicks  by  Infrared  Spectroscopy," 
C.  W.  Brown,  1974  Meeting  of  the  Federation  of  Analytical 
Chemistry  and  Spectroscopy  Societies,  Atlantic  City,  Nov.  18- 
22,  1974. 

7.  "Low  Temperature  Studies  of  Petroleum  Products,"  P.  F.  Lynch, 
S.-y.  Tang,  and  C.  W.  Brown,  ibid . 

8.  "Experimental  Conditions  for  Matching  Laboratory  and  Marine 
Weathering  of  Petroleum  by  Infrared  Spectroscopy,"  M. 
Ahmadjian,  C.  D.  Baer,  P.  F.  Lynch,  and  C.  W.  Brown,  26th 
Pittsburgh  Conference  on  Analytical  Chemistry  and  Applied 
Spectroscopy,  Cleveland,  March  1975. 

9.  "Identifying  Oil  in  the  Environment  by  Infrared  Spectroscopy," 

C.  W.  Brown,  American  Chemical  Society  Meeting,  Symposium  on 
Energy  and  the  Environment,  Philadelphia,  April,  1975. 

10.  "Advantages  of  Using  Infrared  Spectroscopy  in  Oil  Identifica- 
tion," C.  W.  Brown,  U.  S.  Coast  Guard  Seminar  on  Infrared 
Pattern  Recognition,  Groton,  Connecticut,  May  6,  1975. 

11.  "Infrared  Spectra  of  Weathered  Petroleum;  Identification  by 
Computer  Analysis,"  C.  D.  Baer,  M.  Ahmadjian  and  C.  W.  Brown, 
ibid. 

12.  "Infrared  Analysis  of  Weathered  Petroleum  Samples  Using 
Vacuum  Techniques,”  P.  F.  Lynch  and  C.  W.  Brown,  ibid . 

13.  "Weathered  Petroleum  - Probability  of  Identification  by  In- 
frared Spectroscopy,"  C.  W.  Brown,  M.  Ahmadjian,  and  P.  F. 
Lynch,  27th  Pittsburgh  Conference  on  Analytical  Chemistry  and 
Applied  Spectroscopy,  Cleveland,  March,  1976. 
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